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Abstract 

The anatomical features of the dental and oral plates are described and illustrated 
for representative genera of most known extant families of Ophiuroidea. On the 
basis of these data, the inferred relationships of the various taxa prove to be in 
essential agreement with the classification proposed by Matsumoto (1915). An 
alternative classification, adopted by Mortensen (1928), proves incompatible with 
data here presented, and is accordingly rejected. Matsumoto’s concept of. the 
relatively archetypal character of Ophiomyxidae is supported. The Ophiomyxidae, 
together with the Asteronychidae, Trichasteridae, Asteroschematidae and Gor- 
gonocephalidae, are here regarded as related, together composing the order Phry- 
nophiurida, as proposed by Matsumoto. A general discussion is given of the other 
orders and their content. An approximate inferred phylogeny is outlined. 

I. Introduction 

Since 1936 I have been engaged on research into the internal structures of 
ophiuroids in order, if possible, to clarify their systematic interrelationships. For 
this purpose, dissections were carried out upon as many forms as I could obtain, 
and special attention was paid to those whose inferred relationships seemed to be 
founded on insufficient study, besides also those species which had already been 
fully investigated by previous workers. My attention was first directed to the 
dental plate; this, though very simple in shape, offers, I believe, some important 
diagnostic characters. Further, I have also come to the conclusion that the oral 
plate exhibits some significant features too, its lateral margin being of especial 
importance. Thus I have directed my efforts mainly to the comparative study 
of these two plates. After a careful examination of a large number of forms I 
concluded that certain inferences are possible, as to the interrelationships of 
ophiuroids, and these are set out in the present paper. 

Comparative research carried out hitherto upon the dental and oral plates of 
Ophiuroidea cannot be regarded as satisfactory. As early as 1854, J. Muller had 
already described and figured the dental plate of Ophiocoma erinaceus , and the 
oral plate of Ophiolepis ciliata (= Ophiura ciliata) in his elaborate paper on the 
structure of echinoderms. Th. Lyman also mentioned the dental and oral plates, 
when he commented on the homologies of the masticatory apparatus in the 
Ophiuroidea (1874). H. Simroth, who studied the internal structure of Ophiactis 
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virens , observed and reported on these organs (1876). Further, H. Ludwig gave 
detailed descriptions of the oral plate together with the dental plate and illus¬ 
trated those of Ophiarachna incrassata (1878). M. Duncan, who investigated the 
internal structure of Ophiothrix variabilis , made an important observation on its 
dental plate. These authors’ studies on the dental and oral plates of the Ophiurans 
are very valuable and important indeed, but they limited their work to a small 
number of ophiurans and failed to compare them fully throughout the whole 
group. Matsumoto observed the oral plate in detail, together with the other 
internal structures, and gave valuable descriptions of it, but he dealt only with 
its dorsal side, leaving its lateral side untouched. 

A great part of the material observed by me was mainly collected by myself 
at several localities—namely, at the Palao Islands during my sojourn at the Palao 
Tropical Biological Station 1937-38, in the districts of Izu during my stay at the 
Mitsui Institute of Marine Biology 1939-40, at the Isigaki-sima during my expedi¬ 
tion 1941, and at Amakusa during my term of duty at the Amakusa Marine 
Biological Laboratory of Kyusyu Imperial University since 1940. Many specimens 
from several localities were placed at my disposal by Professor Dr H. Ohshima, 
while some others from off Ogasawara Islands and from off the Yaeyama Group 
were handed over to me by the late Dr H. Ikeda, some again from Okinawa were 
given to me by Professor S. Miyake, some from gulfs and bays of Japan were sent 
to me by Professor Dr D. Miyadi, Messrs T. Masui and T. Habe, and some were 
collected at Akkesi by the members of the Akkesi Marine Biological Laboratory. 
I must here tender my heartiest thanks to Professor Dr H. Ohshima for his kind 
guidance and suggestions during the investigation, and for his kindness in giving 
me the valuable material. I must also express my gratitude to the directors of 
the said institution, station and laboratory for giving me an opportunity to make 
a study of the ophiurian specimans in their possession, and to the gentlemen above 
named for their generous gift of material. Further, I have to express my sincere 
thanks to Professor H. B. Fell, of Victoria University of Wellington, New Zealand, 
for his correction of the manuscript, valuable suggestions as to nomenclature, and 
for facilitating its publication. 

II. General Remarks 

Dental Plate . This plate is also called jaw-plate or torus angularis. It lies in 
immediate proximity to the jaw formed by one pair of oral plates, and supports 
the teeth or dental papillae on the adoral side. When detached from the jaw, 
it is seen to be a tall, flat plate, being either entire or divided into several portions 
by transverse fissures. On the adoral surface there is sometimes a vertical series 
of broad or rounded depressions running along the median line, while in other 
instances the plate carries a number of small, rounded projections which are 
widely scattered on the whole surface or limited to the ventral area. Besides these, 
we may often find a vertical series of foramina on the upper portion, which are 
entire, or divided laterally into two halves by a median low vertical bar. These 
depressions, foramina and projections, fit the teeth or dental papillae which lie 
proximal to the plate (Fig. 1, A). 

Oral Plate . This is a large, stout plate, adjoining the mouth opening. There 
are five pairs of such plates, connected with each other so as to form a stout, oral 
framework. It supports a dental plate interradially on the proximal edge with its 
fellow of the opposite side, and articulates with the first arm vertebra radially at 
its distal end, together with its fellow lying opposite to it. When viewed from the 
abradial side, the plate appears irregularly quadrangular. The adoral margin is 
vertical, along which are generally found more or less distinct transverse ridges 
and grooves, which articulate with the corresponding structures of the plate 
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Text-fig. 1.—Dental and oral plates of Asteronyx loveni. A—Dental plate, X 24. B— 

Abradial view of oral plate, X 15. C—Adradial view of the same, X 15. 
Abbreviations—aba, abradial articular area; abm, abradial muscular area; ada, adradil 
articular area; adm, adradial muscular area; d 1 , depression for first oral tentacle; d 2 , 
depression for second oral tentacle; gn, groove lor radial nerve; gw, groove for radial water 
canal; nn, notch for ring nerve; nw, notch for ring water canal. 
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lying opposite to it, so as to form an oral angle (Fig. 1, B, aba). On the dorsal 
side there are two notches, among which the adoral one is distinct and receives 
the ring nerve, while the distal one is indicated rather faintly, formed for the 
passage of the ring water canal (Fig. 1, B, nn, nw). On the distal-lateral part 
is a white area, to which the musculus interradialis aboralis attaches (Fig. 1, B, 
abm). Though this area was illustrated as “ Muskelfeld ” by Muller or as 
“ Fliigelfortsatz ” by Ludwig, I shall here call it the abradial muscular area. On 
the adradial side, in the middle part, there are two conspicuous depressions, of 
which the upper, proximal one corresponds to the first oral tentacle, while the 
lower, distal one corresponds to the second (Fig. 1, C, d 1 , d 2 ). Distal to them, 
a groove descends downwards, to receive the radial nerve, and is connected with 
the dorsal notch through which the ring nerve passes (Fig. 1, C, gn). At the 
distal end is a distinct articular area with conspicuous ridges and grooves, which 
articulate with the fellows of another opposite oral plate (Fig. 1, C, ada). Along 
the inner side of this adradial articular area is found another groove for the radial 
water canal (Fig. 1, C, gw). Between these two vertical grooves is a white area, 
to which the musculus radialis aboralis attaches (Fig. 1, C, adm). It was de¬ 
scribed by Simroth as “ Muskeleindruck ”, but hereafter it will be called adradial 
muscular area. Duncan stated that he had not found any muscular fibres in the 
space between the brachial flanks of the mouth frames in Ophiothrix variabilis, 
such as the radiales observed by Simroth, although their existence was evident in 
Ophiactis. But according to my own observation, there is no doubt that such a 
muscle is present in all the species, because in the forms examined by me, the oral 
plate invariably carries an adradial muscular area. 

Muller stated that the oral plate consisted of two pieces—namely, the “ vor- 
derste Interambulacralplatte ” and “ vorderste Ambulacralplatte ”, which are con¬ 
nected with each other by a suture. Lyman also said that if the mouth frames 
were carefully examined, especially when boiled in potash, there was seen a line 
or suture between the wider outer part and the narrower inner point. I have 
often seen the same feature by cleaning the plate with caustic soda. Ludwig 
showed by a diagram that the oral plate consisted of two pieces. It has been also 
verified embryologically that the oral plate consists of two pieces—namely, the 
first adambulacral and second ambulacral. Further, Lyman mentioned that each 
side of a mouth frame consists of three pieces—namely, the first and second arm- 
bones, and an interambulacral piece. Though this theory is based on the position 
of the tentacles, it has not yet been confirmed by embryology. 

III. Detailed Descriptions 
Dental and Oral Plates of Ophiomyxidae 

The dental and oral plates of the Ophiomyxidae can be distinguished into two 
groups, namely those of the Ophiomyxinae, and those of the Ophiobyrsinae. 
These are treated under separate headings. 

Ophiomyxinae 

Among the Ophiurans of the Ophiomyxinae, only two species have been avail¬ 
able to me for observations, namely Ophiomyxa australis and O. brevispina. The 
dental plates of these Ophiurans are tall, more than three times as long as broad, 
and divided by transverse fissure into six pieces, each of which carries a distinct, 
compressed depression on the centre except the undermost one. This last named 
piece bears a vertical series of two depressions in O. australis, or three such in 
O. brevispina. Further, among these pieces, the second to the fourth from above 
in the former, and the fourth in the latter, are again divided into two halves 
laterally by a vertical fissure. Such division is not observed in other ophiurans 
(PI. 1, figs. 1-2). 
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The oral plates of both species are rather thick, stout and more or less axe¬ 
shaped in lateral view, diverging a little proximally. In O. australis it is a little 
longer than high, the articular ridges and grooves being well developed on both 
sides. The abradial muscular area is of moderate size, broader than high and 
roughly triangular in shape, with angles rounded, but does not form a conspicuous 
distal wing. The adradial one is also moderately developed and lies beneath the 
adradial articular area, the inner portion of which is somewhat curved and pro¬ 
longed upwards (PI. Ill, figs. 15-16). On the other hand, the oral plate of 
O. brevispina is somewhat higher than long. The abradial muscular area which is 
obliquely elliptical in shape, is comparatively large and forms a trifle distal wing. 
The adradial one is also of moderate size and vertical, reaching from the ventral 
border of plate to the middle (PL III, figs. 17-18). 

Ophiobyrsinae 

Only two species are here discussed, namely Ophiobyrsa strictima and Ophio - 
brachion hamispinum. The oral and dental plates of these two species are quite 
different from those of the Ophiomyxinae. The dental plate of O. hamispinum 
is entire, rather broad, about twice as long as broad and somewhat fusiform in 
general appearance, the upper and lower ends of which are rounded. It is pro¬ 
vided with a number of small, rounded, irregularly arranged projections on the 
adoral surface, each of which bears a small depression on the centre. They are 
closer ventrally than dorsally (PI. I, fig. 3). The dental plate of O. strictima is 
also furnished with a number of similar projections on the adoral surface, but 
to my regret I could not confirm whether it is entire or divided, owing to its bad 
state of preservation. 

The oral plate of this subfamily is somewhat oblong in lateral view, not 
diverging proximally. That of O. strictima is rather stout and somewhat longer 
than high, the distal part becoming suddenly reduced in size. The abradial 
muscular area is rather small and rhomboidal, lying somewhat low down on the 
plate. The adradial one, like that of O. brevispina, is of moderate size, nearly 
vertical and diverging a little downwards (PI. Ill, figs. 19-20). The oral plate 
of O. hamispinum is much longer than high and nearly twice as long as high. 
The adradial muscular area is very small and elliptical in shape, lying somewhat 
apart from the aboral border, while the adradial one is somewhat obliquely 
elliptical in shape and very large in size, nearly reaching from the ventral margin 
of the plate to the dorsal one (PI. Ill, figs. 21-22). 

Dental and Oral Plates of Asteronychidae 

Asteronychidae are difficult to obtain, but fortunately I received two speci¬ 
mens of Asteronyx loveni from Professor H. Ohshima, who collected them among 
the catch of a trawling-boat fishing off Miyako, Iwate-ken in October, 1944. In 
these I was able to demonstrate the following interesting data: 

The dental plate of this species is very elongate, and more than three and 
a half times as long as wide, the lower portion being a trifle tapering. It is irregu¬ 
larly broken by transverse fissures into three pieces, each of which is provided 
with a number of small, rounded, rather irregularly arranged projections on the 
adoral surface. Each of these projections carries a distinct depression on the 
centre (Fig. 1, A). 

The oral plate is rather stout, about as long as high and axe-shaped in lateral 
view, tapering a little distally. The articular ridges and grooves on both sides are 
recognizable. The abradial muscular area which lies nearly at the middle of 
abradial flank is rather small, rounded and concave on the surface. The adradial 
one is large, elongate and lying vertically along the adoral margin of adradial 
articular area (Fig. 1, B and G). 
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Dental and Oral Plates of Trichasteridae 

This family contains two subfamilies, namely Trichasterinae and Stheno- 
cephalinae, but to my regret, I was unable to obtain any material of the latter. 
So I give here an account of the oral and dental plates of only the former. 

The dental plate of the Trichasterinae, which is almost uniform in its char¬ 
acters, is very elongate and also divided into several pieces by transverse fissures, 
with a vertical series of compressed depressions along the median line. The 
corresponding plate of Astroceras annulatum is very delicate, elongate, two and 
a half times as long as broad and divided by transverse fissures into three sub¬ 
equal fragments, of which the two lower bear one indistinct depression on the 
centre, while the uppermost one is furnished with two such depressions along the 
vertical median line. The dental plate of A. calix, which is about four times as 
long as broad, is also delicate and consists of five pieces, varying in size from the 
uppermost (which is smallest) to the lowermost (which is largest). Of these 
pieces, the middle three carry a nearly rounded depression in the centre, while 
the lowest one is provided with two such depressions arranged vertically along 
the median line; the uppermost one bears no depressions (PI. I, fig. 4). The same 
plate in Trichaster elegans , which is still longer, and nearly four and a half times 
as long as broad, is thick and stout, and divided into four or five pieces. Among 
them the middle ones are subequal and have a distinct, transversely elliptical 
depression on the centre respectively, while the uppermost and lowermost ones 
are a little larger than the foregoing, and provided with two such depressions. 
In one case the depressions of the uppermost fragment were seen to form a 
vertical row, while those of the lowest one stand side by side, but in the other 
case the arrangement is irregular (PI. I, fig. 5). 

The oral plate of this subfamily is somewhat divergent. That of Astroceras 
is longer than high and axe-shaped, diverging a little proximally. The articular 
ridges and grooves are rather indistinct on both sides. In A. annulatum the 
abradial muscular area is very small, transversely oval, and concave on the surface, 
being situated broadly apart from the distal margin of the abradial flank. The 
adradial one is rather small, obliquely elongate, gently curved like an arc, and 
lying low down on the plate. In A. calix the abradial muscular area is of moderate 
size, flat, roughly triangular in shape and lying near the aboral border. The 
adradial one is rather large, elongate, nearly vertical, distinctly enlarged at the 
upper portion and gently curved distally at the ventral part (PI. Ill, figs. 23-26). 
On the other hand, the oral plate of Trichaster elegans is very thick, stout, some¬ 
what quadrilateral in lateral view, about as long as high and distinctly notched 
at the middle of dorsal margin. The abradial and adradial articular ridges and 
grooves are well developed. The abradial muscular area is rather small, vertically 
elongate, distinctly notched in the middle of the adoral side and concave on the 
surface. The adradial one is very large, nearly vertical, gently curved along the 
proximal border of adradial articular area and also enlarged at the upper por¬ 
tion (PI. Ill, figs. 27-28). 

Dental and Oral Plates of Asteroschematidae 

The dental plate of Asteroschema yaeyamensis, which is the only species studied 
by me among the Asteroschematidae, bears some resemblance to that of the 
Trichasteridae. It too is very elongate, three and a half times as long as broad, 
somewhat diverging downwards and irregularly divided into five fragments by 
transverse fissures. Each fragment has from one to four depressions, making in 
all about twelve in number, and arranged in a vertical, continuous series along 
the median line except the lowest two, which lie horizontally. These depressions 
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are rather distinct and compressed, but the uppermost and lowermost ones are 
small and rounded (PI. I, fig. 6). 

The oral plate of this species, which is very similar to that of Astroceras in 
many features, is also axe-shaped in lateral view and divergent proximally, but 
the distal end is somewhat enlarged. The abradial muscular area is of a moderate 
size, elongated somewhat vertically, about twice as high as broad and situated 
nearly at the middle of abradial flank. The adradial one, which is quite similar 
to that of Astroceras calix, is moderately developed and vertical; the ventral part 
is slightly curved distally and gradually diverging upwards (PI. Ill, figs. 29-30). 

Dental and Oral Plates of Gorgonocephalidae 

The dental plate of the Gorgonocephalidae, which bears a close resemblance 
tc that of Asteronychidae, is also irregularly broken into several fragments and 
furnished with a number of small rounded projections on the adoral surface. The 
oral plate of this family, which is axe-shaped or quadrilateral in side view, is 
quite similar to those of the Asteronychidae and Trichasteridae, only differing 
from the latter with respect to the adradial muscular area, which is divided into 
two pieces dorso-ventrally by a transverse line. 

The dental plate of Asteroporpa hadracantha is very tall, narrow, four and 
a half times as long as broad and somewhat swollen at the middle part, sending 
out two horn-like lobes at the upper end. It consists of about eight unequal 
pieces, each of which is furnished on the surface with from one to six projec¬ 
tions arranged irregularly (PI. I, fig. 7). The dental plate of Astrothamnus bellator 
is also elongate, about three and a half times as long as broad and almost uniform 
in breadth throughout the length, with dorsal and ventral ends rounded. It is 
unequally divided into three pieces; the projections are rather coarse and some¬ 
what few in number (PI. I, fig. 11). The plate of Astrocladus coniferus is about 
three and a half times as long as broad, diverging downwards a little, and divided 
into two or five unequal pieces. The projections are numerous and rounded, 
those on the upper portion being a little coarser and more scattered than the 
rest (PI. I, fig. 8). That of Astroboa arctos is essentially similar to that of 
A. coniferus , but the former is more enlarged downwards than the latter and 
divided into two fragments by a transverse fissure. The projections of the lower 
portion are smaller and more numerous than those of the upper portion (PI. I, 
fig. 10). In Astrodendrum sagaminum the dental plate is more distinctly en¬ 
larged at the lower part than in the foregoing form, about twice as long as broad 
and divided into two to five unequal pieces. The arrangement of the projections 
is similar to that of A. arctos (PI. I, fig. 9). That of Astroglymma sculptum , 
which is triangular in shape, with an angle turned upwards, is rather short, 
less than twice as long as broad and divided into two pieces dorso-ventrally. It 
is also provided with coarse projections, some of which are more or less in con¬ 
tact with each other. Apart from these, there are also four small supplementary 
pieces at the lower corner, two on each side (PI. I, fig. 12). That of Astro cion 
propugnatoris is very large, much elongated and about four times as long as 
broad, the middle part being rather narrower than the rest. The pieces are un¬ 
equal and number seven. The projections of the lower part are smaller and more 
compact than those of the other portion; those of the middle part are more 
scattered (PI. I, fig. 13). 

The oral plate of Asteroporpa hadracantha is axe-shaped in outline. The 
adradial muscular area is not entire, but is divided into two pieces dorso-ventrally 
by a median interval, the pieces subequal, and longer than broad. The abradial 
one is small, elliptical and situated midway along the abradial flank (PI. Ill, figs. 
31-32). The oral plate of Astrothamnus bellator is quite similar to that of 


8 


T ransactions — Zoology 


Vol. 4 


A. hadracantha in general appearance. The adradial muscular area of A. bellator, 
which is also divided into two pieces dorso-ventrally, is narrower than that of 
A. hadracantha , the lower piece being much larger than the upper one (PL III, 
figs. 39-40). In Astrocladus coniferus, the oral plate recalls that of Tricliaster 
elegans ; it is very thick and stout, about as long as high, and roughly quadri¬ 
lateral in shape, with a distinct notch midway along the dorsal margin. The 
articular ridges and grooves are well developed on both sides. The abradial 
muscular area is rather small, four-sided, about three times as high as broad, and 
situated nearly midway along the abradial flank. The adradial area is large, 
vertically elongate, and extends from the ventral margin of the plate almost to 
reach the dorsal one, the middle part being the narrowest, though the division is 
imperfect, it is somewhat enlarged above, and curved distally below (PL III, 
figs. 33-34). The oral plate of Astrodendrum sagaminum resembles that of the 
preceding species in many features, but the notch of the dorsal margin is less 
distinct. The abradial muscular area is small, vertically elliptical, and its surface 
uneven. It is situated more proximad, so as almost to make contact with the 
abradial articular area. The adradial area is large, vertically elongate and com¬ 
pletely divided into two pieces dorso-ventrally by a narrow median interval. The 
upper of these pieces is distinctly enlarged dorsad, while the lower one is very 
narrow and curved distally ventrad (PL III, figs. 35-36). The corresponding 
plate of Astroglymma sculptum is of the same type as those of A. coniferus and 
A. sagaminum , but is more specialised. It is thick, stout and quadrilateral in 
lateral view, with the articular ridges and grooves well developed on both sides. 
The abradial and adradial muscular areas are conspicuously reduced in size; the 
former is very near the abradial articular area, while the latter lies nearly in the 
middle of the plate and is divided into two pieces, upper and lower, as usual 
(PL III, figs. 37-38). The oral plate of Astroclon propugnatoris agrees with that 
of A. coniferus in many characters, but it is somewhat divergent proximally and 
the notch of the dorsal margin is less distinct. Further, the division of the adradial 
muscular area is complete as seen in the other members of this family (PL IV, 
figs. 1-2). 

Dental and Oral Plates of Ophiacanthidae 

The dental and oral plates of the Ophiacanthidae form a group differing 
from those of the preceding families, though they are somewhat varied in char- 

Fig. 1 —Ophiomyxa australis X 11. Fig. 2 —Ophiomyxa brevispina X 11. Fig. 3 — 
Ophiobranchion hamispinum X 21. Fig. 4 —Astroceras calix X 7. Fig. 5 —Trichaster 
elegans X 11. Fig. 6— Asteroschema yaeyamensis X 11. Fig. 7 —Astroporpa hadracantha 
X 21. Fig. 8 — Astrocladus coniferus X 7. Fig. 9 — Astrodendrum segaminum X 11. Fig. 
10 —Astroboa arctos X 11. Fig. 11 —Astrothamnus bellator X 21. Fig. 12 —Astroglymma 
sculptum X 7. Fig. 13 —Astroclon propugnatoris X 7. Fig. 14 —Ophiologimus hexactis 
X 32. Fig. 15— Ophiophrura liodisca X 32. Fig. 16— Ophiolimna diastata X 21. Fig. 
17 — Ophiomitrella ikedai X 21. Fig. 18 —Ophiomitrella sterifera X 21. Fig. 19— 
Ophiophthalmus cataleimmoidus X 21. Fig. 20— Ophiophthalmus normani X 21. Fig. 
21 — Ophiacantha acanthinotata X 32. Fig. 22 —Ophiacantha bisquamata X 21. Fig. 23 — 
Ophiotreta gratiosa X 21. Fig. 24 —Ophiacantha mitsuii X 32. Fig. 25 —Ophiacantha 
pentagona X 21. Fig. 26— Ophiacantha rhachophora X 21. Fig. 27— Ophiothamnus 

venustus X 32. Fig. 28 —Ophiocamax rugosa X 21. Fig. 29 —Ophiomoeris pentagona 

X 32. Fig. 30— Amphilepis diastata X 32. Fig. 31— Ophiactis hemiteles X 32. Fig. 32 
— Ophiactis macrolepidota X 32. Fig. 33 —Ophiactis modesta X 32. Fig. 34 —Ophiactis 
savignyi X 32. Fig. 35 —Ophiopholis aculeata var. japonica X 21. Fig. 36— Ophiopholis 
mirabilis X 21. Fig. 37— Ophiopholis brachyactis X 21. Fig. 38— Amphioplus iuxtus 
X 21. Fig. 39— Unioplus macraspis X 21. Fig. 40— Amphioplus miyadii X 21. Fig. 41— 
Amphioplus platyacanthus X32. Fig. 42 —Amphichilus trichoides X 32. Fig 43— Amphia- 
cantha acanthina X 32. Fig. 44— Amphioplus japonicus X 32. Fig. 45— Amphioplus 
japonicus var. parvus X 32. Fig. 46— Amphipholis japonica X 64. Fig. 47— Amphipholis 
kochii X 32. Fig. 48 —Hemilepis arcystata X 21. 
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Plate I 





All figures illustrate the dental plate in the species cited, in adoral aspect. 
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acter. The dental plate is generally entire, more or less elongate, and provided 
with a vertical series of small, rounded depressions along the median line. The 
oral plate usually tapers distally so as to become axe-shaped in side view. The 
abradial muscular area is tolerably developed, but does not form a distal wing. 
The adradial area is small and lies low down on the plate. 

The dental plates of Ophiologimus hexactis and Ophiophrura liodisca are 
delicate, more than twice as long as broad and club-shaped in outline, gradually 
diverging downwards. The depressions are small, rounded, from four to seven in 
number, and form a vertical linear series along the median line of the plate; 
or the series may form an inverted Y, owing to the fact that the lowermost two 
lie side by side near the ventral margin, though their arrangement is often irregular 
(PI. I, figs. 14-15). The plate of Ophiolimna diastata is fairly well developed, 
about twice as long as broad and somewhat spatulate in shape, the upper part 
being slightly narrower than the lower one. The depressions number six, distinct 
and more or less compressed; they decrease in size as they proceed downwards, 
though the uppermost one is the smallest (PI. I, fig. 16). The dental plates of 
Ophiomitrella ikedai and O. sterifera are also elongate, about two and a half 
times as long as broad and somewhat club-shaped, being a little swollen at some 
distance downward from the middle. The depressions are very small in both 
species; in O. sterifera those at the middle part are hard to recognise, while in 
O. ikedai they are all distinct, and number seven (PI. I, figs. 17-18). The corre¬ 
sponding plate of Ophiophthalmus cataleimmoidus bears a close resemblance to 
that of O. ikedai , but is more elongate than the latter and more than three times 
as long as broad; the depressions also number seven and are rather compressed. 
On the other hand, that of O. normani is rather similar to that of O. diastata , 
but is divided into two or three pieces by transverse fissures; the depressions 
number five and are distinct and more or less compressed, the middle ones being 
larger than the rest (PI. I, figs. 19-20). The dental plate of Ophiacantha, which 
is usually very elongate, is somewhat variable in its characters. That of 
O. mitsuiiy which has intermediate features between those of Ophiolimna diastata 
and Ophiophrura liodisca , is comparatively short, a trifle less than two and a 
half times as long as broad and somewhat spatulate in shape, slightly divergent 
ventrad. The depressions number four, are of moderate size, transversely 
elliptical and subequal, except the lowest one which is the smallest (PI. I, fig. 24). 
The plates of O. acantliinotata and O. hisquamata are very long, more than three 
times as long as broad, somewhat club-shaped and slightly enlarged ventrad. The 
depressions number six to eight, are small and more or less rounded; in 
O. acantliinotata they are arranged in a vertical series, while in O. hisquamata 
the lowest two lie horizontally side by side (PI. I, figs. 21-22). Those of 
O. pentagona and O. rliachophora are bar-shaped and about three times as long 
as broad, with their upper and lower ends rounded. These depressions are also 
small; in O. pentagona they number five, while in O. rliachophora they cannot 
be counted accurately, because the middle ones disappear as in Ophiomitrella 
sterifera (PI. I, figs. 25-26). The dental plate of Ophiotreta gratiosa is also bar¬ 
shaped, elongate and more than three times as long as broad. There are five 
rather distinct, compressed depressions along the median line; besides these, two 
small rounded ones are present near the ventral margin, arranged horizontally 
(PI. I, fig. 23). That of Ophiothamnus venustus is somewhat club-shaped and 
less than three times as long as broad, with rounded upper and truncated lower 
ends; the depressions number four and are rounded and distinct (PI. I, fig. 27). 
The plate of Ophiocamax rugosa , which is nearly related to that of O. diastata, 
is two and a half times as long as broad and slightly divergent ventrad, with 
rounded upper and two-sided lower margins; the depressions number seven, are 
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rather distinct and more or less compressed except the lower two, which are small, 
rounded and lie horizontally, as often seen in other members of this family (PI. 1, 
fig. 28). 

The oral plates of Ophiologimus hexactis and Ophiophrura liodisca are some¬ 
what oblong in lateral view, much longer than high and not so notably divergent 
proximad. The abradial muscular areas are rather small, obliquely elliptical, 
with a concave surface, and lying cn the distal portion of the abradial flank. The 
adradial areas are small, somewhat crescentic and situated just beneath the 
adradial articular area (PI. IV, figs. 3-6). The oral plate of Ophiolimna diastata, 
presents a different form from the foregoing, and bears a close resemblance to 
that of Ophiomyxa australis of the Ophiomyxinae. It is axe-shaped, slightly 
divergent proximad, and somewhat longer than high. The abradial muscular area 
is of moderate size, ear-shaped in outline, and is in contact with the distal border 
of abradial flank, but does not form a distal wing. The adradial area is small, 
crescentic, and lies just beneath the adradial articular area (PI. IV, figs. 7-8). 
The corresponding plate of Ophiomitrella ikedai, which presents yet another form 
from the foregoing, is roughly squarish in shape, the notch for the ring nerve 
being very conspicuous in the middle of the dorsal margin. The abradial 
muscular area is of moderate size, higher than broad and somewhat quadrilateral, 
with proximal angles broadly rounded. The adradial one is also of moderate 
size, elongate and low down on the plate, the lower portion of which curves dis- 
tally like the letter L (PI. IV, figs. 9-10). On the other hand, the oral plate of 
O. sterifera is elongate, axe-shaped, and abruptly enlarged proximally. The 
abradial muscular area is small, transversely oval, and placed low down on the 
distal portion of the plate. The adradial area is larger, crescentic and situated 
beneath the adradial articular area (PI. IV, figs. 11-12). Those of Ophio- 
phthalmus cataleimmoidus, O. normani, and Ophiothamnus venustus belong to 
the same category as that of O. diastata , but are a little more elongate than 
the latter. The abradial muscular areas are rather small and elliptical in shape. 
The adradial areas are small, more or less arc-shaped and lying obliquely beneath 
the adradial articular area (PI. IV, figs. 13-16 and 27-28). That of Ophio- 
camax rugosa recalls that of O. ikedai , especially in outline, and in the abradial 
and adradial muscular areas; but it is more elongate than the latter (PI. IV, figs. 
29-30). The oral plate of the genus Ophiacantha shows a wide range of varia¬ 
tion, including all the forms mentioned above. That of O. mitsuii belongs to the 
oblong type, like those of O. hexactis and O. liodisca , but the abradial muscular 
area is rather large and rounded (PI. IV, figs. 23-24). The oral plate in 
O. acanthinotata and O. bisquamata presents the squarish type, like those of 
O. ikedai and O . rugosa , but in O. bisquamata the abradial muscular area is some¬ 
what ear-shaped and much higher than broad (PI. IV, figs. 17-20). Finally, 
that of O. pentagona is representative of the axe-shaped type, as in O. diastata , 
but it is more distinctly tapered than that of the latter. That of O. rachophora 
is of the same type as the foregoing, but the distal half is abruptly reduced in 
size. The abradial muscular areas of these two species are transversely elliptical. 
The adradial areas are small and lie beneath the adradial articular area, the 
inner part of which is tapered and protrudes upwards (PI. IV, figs. 25-26). The 
oral plate of Ophiotreta rugosa , which is in close agreement with that of 
O. diastata , is axe-shaped in outline, and is provided with ear-shaped abradial 
and arc-shaped adradial muscular areas (PI. IV, figs. 21-22). 

Dental and Oral Plates of Hemieuryalidae 

Specimens of the family Hemieuryalidae are rare and difficult to obtain, 
though fortunately Ophiomoeris pentagona , a member of the Ophiochondrinae, 
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was found among the collection made by the late Dr H. Ikeda off Ogasawara. Of 
the other subfamily, Hemieuryalinae, I was unable to study any representative. 

The dental and oral plates of Ophiomoeris pentagona are in close agreement 
with those of some Ophiacanthids, such as O phiacantha pentagona and 
O. rhachophora. The dental plate is entire, bar-shaped, nearly four times as long 
as broad and almost uniform in breadth, with the upper and lower ends rounded. 
It is provided with a vertical series of five rather small, rounded depressions along 
the median line, which slightly increase in size downwards (PI. I, fig. 29). 

The oral plate of the same species is somewhat longer than high and remark- 
edly divergent proximad so as to become typically axe-shaped when viewed from 
the abradial side. The abradial muscular area is small, transversely elliptical, and 
lies near the distal margin. The adradial area is also small, crescentic, and situated 
horizontally beneath the adradial articular area (PI. IV, figs. 31-32). 

Dental and Oral Plates of Amphilepididae 

It was also difficult to obtain specimens of the Ophiurans of the Amphilepi¬ 
didae, which I was eager to study, but at last I was fortunate enough to secure 
Amphilepis diastata, in the Suruga Gulf, during my stay at the Mitsui Institute 
of Marine Biology. The internal structure of this species shows several features 
distinct from those of the foregoing families. 

The dental plate, which is more than twice as long as broad, is somewhat 
tongue-shaped, with truncated upper and rounded lower ends, the lateral margins 
being almost parallel to each other. In comparison with those of the foregoing 
families, it is remarkable in having a vertical row of two distinct foramina on 
the upper portion, the upper one of which is entire, elliptical and a trifle smaller 
than the lower one, which is somewhat heart-shaped, being notched at the middle 
of upper margin by a wedge-like process. Besides these foramina, two small de¬ 
pressions occur on the lower part of the plate, forming a vertical row continuous 
with the upper foramina (PI. I, fig. 30). 

The oral plate of the same species is axe-shaped, nearly as long as high and 
rather distinctly enlarged adorally. The abradial muscular area, which is some¬ 
what ear-shaped in outline, is of moderate size, occupying the space from the 


Fig. 1- —Ophiopeltis aestuarii X 32. Fig. 2 —Amphiura pachybactra X 21. Fig. 3 — 

Amphiura trachydisca X 11. Fig. 4 — Monamphiura liitkeni X 32. Fig. 5 — Ophiopeltis 
octacantha X 32. Fig. 6 — Ophiothrix armata X 32. Fig. 7 —Ophiothrix koreana X 21. 
Fig. 8 —Ophiothrix marenzelleri X 11. Fig. 9 —Placophiothrix trilineata X 21. Fig. 10 — 
Ophiothrix stabilis X 21. Fig. 11 —Macrophiothrix longipeda X 7. Fig. 12 —Macro - 
phiothrix schmidti X 11. Fig. 13 —Ophiomaza cacaotica X 21. Fig. 14 —Ophiomaza 
kanekoi X 11. Fig. 15 — Ophiothela danae X 32. Fig. 16 — Ophiogymna elegans X 32. 
Fig. 17 —Ophiochiton fastigatus X 21. Fig. 18 —Ophioplax lamellosa X 32. Fig. 19 — 
Ophionereis aplacophora X 11. Fig. 20 —Ophionereis variegata X 32. Fig 21 — Ophio- 
nereis dubia (dictydisca type) X 32. Fig. 22 —Ophionereis dubia (marktanneri type) 
X 32. Fig. 23 —Ophionereis thryptica X 32. Fig. 24 —Ophiozona aedilepis X 32. 
Fig. 25 — Ophiozonella longispina X 21. Fig. 26 — Ophiolepis annulosa X 11. Fig. 27 — 
Ophiolepis cincta X 21. Fig. 28— Ophiolepis cardioplax X 32. Fig. 29 —Ophioplocus 
japonicus X 11. Fig. 30 —Ophioplocus imbricatus X 21. Fig. 31 —Ophiotylos leucus 
X 64. Fig. 32 — Ophiomusium trychnum X 21. Fig. 33 — Ophiomusium simplex X 21. 
Fig. 34 — Ophiomusium cancellatum X 21. Fig. 35 —Ophiura calyptolepis X 21. Fig. 36 — 
Ophiura flagellata X 21. Fig. 37 —Ophiura micracantha X 21. Fig. 38 —Ophiura 
ooplax X 32. Fig. 39 — Ophiura rnonostaecha X 21. Fig. 40 — Ophiura sarsii X 21. Fig. 
41 — Stegophiura sculpta X 32. Fig. 42 —Stegophiura rhabdotoplax X 32. Fig. 43 — 
Stegophiura sterea X 21. Fig. 44 — Aspidophiura uniumbonata X 32. Fig. 45 — Ophio- 
leuce carischema X 32. Fig. 46 — Ophiurodon cinctum X 64. Fig. 47 — Ophiurodon 

cupidum X 32. Fig. 48 — Ophiarachna incrassata X 11. Fig. 49 —Ophiarachna ohshimai 
X 21. Fig. 50 — Ophioclastus hataii X 38. Fig. 51 —Pectinura aequalis X 21. Fig. 52— 
Ophiozonella spinosa X 32. Fig. 53 — Opliiarachnella infernalis X 32. Fig. 54 — Ophiar- 
achnella gorgonia X 12. Fig. 55 — Ophiarachnella septemspinosa X 7. 



No. 1 Murakami— Dental and Oral Plates of Ophiuroidea 13 

Plate II 



Adradial aspect of the dental plate in the species cited. 
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ventral margin of the abradial flank to the upper one, but does not form a con¬ 
spicuous distal wing. The adradial area is small, obliquely elliptical and low down 
on the plate. It is very interesting to note that in spite of the dissimilarity of the 
dental plates, the oral plate of Amphilepis diastata bears a close resemblance to 
those of Ophiomyxa australis of the Ophiomyxidae and of Ophiolimna diastata 
of the Ophiacanthidae (PI. IV, figs. 33-34). 

Dental and Oral Plates of Amphiuridae 

The jaw plates of the Amphiuridae are a step more advanced in specializa¬ 
tion than those of the Amphilepididae. The dental plate of this family, which is 
furnished with foramina on the upper portion like that of Amphilepis diastata , 
is slipper- or wedge-shaped in outline, and the oral plate is wing-shaped, with the 
abradial and adradial muscular areas well developed. The adradial muscular 
area, which is essentially spoon-shaped in general appearance, is sometimes devoid 
of the narrow middle or lower portion. The dental and oral plates of this family 
may be classified into two groups, one being those of the Ophiactinae, while the 
other those of the Amphiurinae. They may be dealt with separately. 

Taking first the Ophiactinae: The dental plate of the genus Ophiactis is 
elongate, from about two-and-a half to nearly three times as long as broad, and 
somewhat slipper-shaped in outline, the lower portion somewhat enlarged. In 
O. hemiteles it bears two or three conspicuous foramina on the upper part, of 
which the uppermost is the largest, entire and elliptical in shape; the next is a 
little smaller, tetragonal, divergent upwards and notched in the middle of the 
upper margin by a wedge-like process; the third, if present, is the smallest and is 
completely divided into two halves laterally by a low vertical ridge. On the 
ventral half of the plate there are four shallow, broad depressions, which form a 
continuous vertical series together with the upper foramina, decreasing in size 
downwards. In O. macrolepidota there are two rather rounded foramina, of 
which the lower one is divided as in O. hemiteles ; the depressions of the lower 
portion number four and are less broad, the uppermost being most distinct. The 
dental plate of O. modest a resembles that of the foregoing. The foramina of the 
upper half, which also number two, are much broader than long, the lower one 
being notched at the middle of the dorsal margin. The depressions number six 
and are rather indistinct, except the uppermost one. The dental plate of 
O. savignyi bears three or four foramina on the upper portion usually divided 
though the upper ones are sometimes entire. The depressions number four or 
five and are indistinct; they become reduced in size downwards (PI. I, figs. 31-34). 
The dental plate of Ophiopholis is swollen ventrad, so as to have a slipper-shaped 
appearance; the upper end is broadly rounded or truncated, while the lower one 
is narrow, though blunt. The foramina are distinct, two or three in number and 
entire, but the depressions are absent. In O. aculeata var. japonic a, the dental 
plate is rather short and a little more than twice as long as broad. The foramina, 
which are arranged vertically, number two, the lower one heart-shaped, notched 
at the middle of the dorsal margin. The lower lobe is flat, without depressions 
(PI. I, fig. 35). The dental plate of O. mirahilis is more elongate than the fore¬ 
going and two and a half times as long as broad. The foramina number three; 
the uppermost one is rounded, while the following ones are quadrangular, with 
a notch in the middle of the upper margin; the middle one is the largest. The 
lower lobe is like that of the foregoing (PI. I, fig. 36). The dental plate of 
O. brachyactis is similar, but the lower portion is not so markedly enlarged; the 
ventral end is truncated and uneven. The foramina number two and are distinct, 
rounded, and lie near the upper end (PI. I, fig. 37). 
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The oral plate of Ophiactis is rather wing-shaped and higher than long, the 
notch for the ring nerve being very conspicuous; the articular ridges and grooves 
are indistinct on both sides. The abradial muscular area, which is well developed, 
occupies the greater part of abradial flank and is roughly ear-shaped in outline: 
the upper portion protrudes distally like a wing. The adradial area is large, 
vertical and essentially spoon-shaped, the upper portion being strongly enlarged. 
In O. hemiteles the abradial muscular area is entire, while that of O. savignyi 
bears a distinct notch in the middle of the distal margin, which divides dichoto- 
mously dorso-ventrally at a short distance from its entrance. The abradial 
muscular areas of O. macrolepidota and O. modesta are completely divided into 
two pieces dorso-ventrally by a median transverse interval; in the latter species 
each piece is distinctly notched in the middle of the inner margin, while in the 
former no such indentation is to be seen. The adradial muscular area varies in 
its characters. In O. hemiteles it is perfectly spoon-shaped, while in O. modesta 
and O. savignyi it is broadly divided into two portions by the disappearance of 
the middle narrow part. In O. macrolepidota only the enlarged upper portion 
remains, the narrow lower part being entirely absent (PL IV, figs. 35-42). The 
oral plate of Ophiopholis, which belongs to the same category as that of Ophiactis, 
is higher than long, with abradial and adradial muscular areas well developed. 
The abradial muscular areas of O. aculeata var. japonic a and O. brachyactis are 
entire, while that of O. mirabilis has a branched notch at the middle of the distal 
margin like that of O. savignyi. The adradial areas of these species are com¬ 
pletely spoon-shaped as seen in O. hemiteles (PI. IV, figs. 43-46). 

The dental plate of the Amphiurinae, which differs from that of the Ophiac- 
tinae in outline, is generally wedge-shaped and gradually tapering downwards, 
the upper margin being broadly rounded or truncated, the lower end narrow. 
The foramina, which lie on the upper portion of the plate in the Ophiactinae, 
are very remarkable; either the uppermost one or the next is the largest, but they 
become abruptly reduced in size in succession downwards. Th$ depressions are 
rather indistinct and form a continuous vertical series along the madian line to¬ 
gether with the upper foramina. On the other hand, the oral plate of this sub¬ 
family is essentially similar to that of the Ophiactinae. It is also wing-shaped and 
mostly higher than long, the proximal portion being conspicuously enlarged; the 
notch for the ring nerve on the dorsal margin is very conspicuous. The abradial 
muscular area is well developed so as to form a conspicuous distal wing. The 
adradial area is also large and generally vertically spoon-shaped, with an en¬ 
larged upper portion, but the middle or lower portion is sometimes missing. 

The dental plate of Amphioplus platyacanthus is a little less than two and 
a half times as long as broad, and rather swollen on the ventral part, thus being 
not of the typical wedge-shape, its lateral margins being somewhat concave in 
the middle; the upper margin is truncated, while the lower one forms a broad, 
blunt angle. The foramina number two and are distinct, entire and heart-shaped, 
the upper one being strikingly larger than the lower one. The depressions also 
number two, but are very inconspicuous (PI. I, fig. 41). Those of A. iuxtus , 
A. asterictus and A. miyadii , which are elongate and from about two and a half 
to more than three times as long as broad, are typically wedge-shaped, gradually 
tapering downwards. In A. iuxtus the foramina, which occupy the upper three- 
fourths of plate, are three in number; the upper two are very distinct, quad¬ 
rangular, slightly diverging upwards and more or less notched in the middle of 
upper margin, while the lower one is very small, roughly quadrangular and 
divided into two halves, one on either side of a narrow vertical bar. The 
depressions number two, are small, rounded, and situated on the remain- 
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ing one-fourth of the plate (PI. I, fig. 38). The dental plate of 

A. asterictus carries three foramina and two depressions along the median 
line; the foramina vary in size from the uppermost (largest) to the lower¬ 
most (smallest), and are all completely divided into two halves by a vertical 
bar; the depressions are of moderate size. In A. miyadii the foramina, 
which occupy the upper two-thirds of the plate number four and are 

completely divided as usual, except the uppermost one, and abruptly decrease 
in size in succession downwards; the depressions number two and are indistinct 
(PI. I, fig. 40). The dental plates of A. japonicus and A. japonicus var. parvus 
are more or less wedge-shaped. In the former species the plate bears two unequal, 
divided foramina and three conspicuous depressions along the median line. In 
the latter species the foramina number three; the uppermost one is distinct and 
entire, but the lowermost ones are small and divided; the depressions number two, 
are rounded, and rather small (PI. I, figs. 44-45). The dental plate of Unioplus 

macraspis generally resembles that of Amphioplus iuxtus, but there are only two 

foramina on the upper portion of the plate. These foramina have the form of 
inverted triangles, broader than high; the upper foramen is entire; the lower 
foramen is somewhat smaller, and is completely divided into two portions, one 
on either side of a rather broad vertical bar. The depressions number three, and 
are indistinct, decreasing in size in order downwards, as is usual in Amphioplus. 
The dental plate of Amphichilus trichoides , which is more than two and a half 
times as long as broad, bears a close resemblance to that of Amphioplus platy- 
acanthus, but is less swollen below; the upper end is truncated, while the lower 
one is rounded. Both foramina and depressions number two each; the former 
are conspicuous, and elliptical in form, the upper one being divided; while the 
latter are small and rounded (PI. 1, fig. 42). The dental plate of Amphiacantha 
acanthina , which is quite similar to that of A. trichoides , is more than twice as 
long as broad, the upper portion being a trifle enlarged. The foramina number 
two and are distinct; the lower one is completely divided and much smaller than 
the upper. The depressions number two, but are indistinct (PI. I, fig. 43). The 
dental plate of Diamphiodia (as studied in a species yet unnamed) is very similar 
to that of Amphioplus in many features, being elongate, about three times as long 
as broad, and enlarged near the upper end, the lower portion being narrow. The 
foramina number three or four, and are divided, except only the uppermost one, 
which latter is very distinct and usually entire; they become reduced in size in 
succession downwards. On the ventral part are three rather distinct depressions. 


Fig. 1 _ Ophiocoma brevipes X 11. Fig. 2 —Ophiocoma latilanxa X 32. Fig. 3 —Ophiocoma 

pica X 11. Fig. 4 —Ophiocoma erinaceus X 7 Fig. 5 — Ophiocoma scolopendrina X 11. 
Fig. 6 —Ophiomastix annulosa X 7. Fig. 1—Ophiomastix asperula X 7. Fig. 8-Ophio- 
mastix caryophyllata X 7. Fig. 9—0 phiomastix liitkeni X 7. Fig. 10 —Ophiomastix 

mixta X 7. Fig. 11 —Ophiomastix palaoensis X 11. Fig. 12 —Ophiomastix variabilis X 
21. Fig. 13 —Ophiarthrum elegans X 11. Fig. 14 —Ophiarthrum pictum X 7. 

Figs. 15-40 show the oral plate of the species cited. 

Fig. 15 Abradial view; and Fig. 16—Adradial view of Ophiomyxa australis X 11. Fig. 

17 Abradial view; and Fig. 18—Adradial view of Ophiomyxa brevispina X 7. Fig. 19— 

Abradial view; and Fig. 20—Adradial view of Ophiobyrsa strictima X 7. Fig. 21— 
Abradial view; and Fig. 22—Adradial view of Ophiobrachion hamispinum X 7. Fig. 23— 
Abradial view; and Fig. 24—Adradial view of Astroceras annulatum X 32. Fig. 25— 
Abradial view; and Fig. 26—Adradial view of Astroceras calix X 21. Fig. 27—Abradial 
view; and Fig. 28—Adradial view of Trichaster elegans X 7. Fig. 29—Abradial view; 
and Fig. 30—Adradial view of Asteroschema yaSyamensis X 7. Fig. 31—Abradial view; 
and Fig. 32—Adradial view of Astroporpa hadracantha X 21. Fig. 33 — Abradial view; 
and Fig. 34—Adradial view of Astrocladus coniferus X 7. Fig. 35—Abradial view; and 
Fig. 36—Adradial view of Astrodendrum sagaminum X 7. Fig. 37 — Abradial view; and 
Fig. 38 — Adradial view of Astroglymma sculptum X 7. Fig. 39 — Abradial view; and 
Fig. 40—Adradial view of Astrothamnus bellator X 11. 
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Plate III 



Figs. 1-14 show the dental plate in adoral aspect of the species cited. 
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The dental plate of Diamphiodia debita is more distinctly tapered below than 
that of the unnamed species just discussed, but the other characters are in close 
agreement. In Monamphiura liitkeni the dental plate is truncated below; it is 
rather short, and about twice as long as broad. The foramina number three, are 
conspicuous, and are divided into halves, one on either side of a broad vertical 
bar; however, the uppermost foramen is undivided. The foramina decrease 
rapidly in size in sequence downwards. The depressions number one or two, and 
as usual are inconspicuous (PI. II, fig. 4). The dental plate of Amphipolis is rather 
short, about twice as long as broad, and slightly tapering downwards, so as to 
become wedge-shaped; the upper margin is broad and truncated, while the lower 
one is two- or three-sided. That of A. sobrina is provided with two distinct, heart- 
shaped or tetragonal foramina and two rather inconspicuous depressions along 
the median line. In A. japonica the foramina number three; the upper two are 
entire, very conspicuous and roughly of an inverted triangular shape, while the 
remaining one is small and divided. In A. kochii the foramina also number three 
among which only the uppermost one is entire. The depressions of A. japonica 
and A. kochii are single, small and rounded (PI. I, figs. 46-47). That of A. tetra- 
cantha is similar to that of A. kochii , but it is somewhat more elongate than in 
the latter and its depressions are two in number and of moderate size. The dental 
plate of Amphiura , Amphinephthys , Ophiopeltis and Hemilepis is typically wedge- 
shaped and resembles that of Amphioplus, bearing the usual foramina and de¬ 
pressions. In Amphiura pachybactra and A. trachydisca the plates are rather 
elongate, and from two and a half to three times as long as broad, the ventral 
end bluntly pointed; there are three foramina which, except for the uppermost, 
are divided. The inconspicuous depressions number two (Plate II, figs. 2-3). 
In Amphinephthys crossota the dental plate is more than twice as long as broad, 
and tapers rather insensibly below. The foramina number two or three, and occupy 
the upper two-thirds of the plate; the uppermost foramen is very remarkable, being 
entire and quadrangular in shape, whereas the lower ones are undivided and quite 
small. The indistinct depressions number two, and occupy the remaining third of 
the plate. In Ophiopeltis aestuarii the dental plate is rather elongate, and from 
about two and a half to three times as long as broad, the ventral end bluntly 
pointed; there are four foramina, the upper two being undivided; there is only 
one depression (Plate II, fig. 1). In O. octacantha , on the other hand, the dental 
plate is about twice as long as broad, and it is truncate ventrally; the foramina 
number three, the two lower ones divided by a broad vertical bar; the foramina 
become rapidly smaller in sequence downwards. The depressions number two, 
and are inconspicuous (Plate II, fig. 5). In Hemilepis ar cyst at a the dental plate 
is similar to that of Amphiura , and the foramina and depressions are also similar 
(Plate I, fig. 48). 

The oral plate of Amphioplus asterictus is typically wing-shaped, the proximal 
part distinctly divergent. The abradial muscular areas, which are very large and 
ear-shaped in outline, form a conspicuous distal wing and bear a distinct, more 
or less irregularly branched indentation in the middle of the distal margin. The 
adradial muscular areas are vertical, perfectly spoon-shaped, distinctly enlarged 
above and gently curved distally below (PI. IV, figs. 47-48). In A. platyacanthus 
the adradial muscular area is broadly divided into two parts dorso-ventrally by 
the disappearance of the narrow middle part, but the other characters are similar 
to those of A. asterictus (PI. IV, figs. 51-52). In A. iuxtus the abradial muscular 
area is also ear-shaped in outline, but is broken into a number of strips, which 
form two groups; those of the upper group number six, somewhat oblique, more 
or less elongate, nearly parallel to one another, arranged in a vertical series along 
the proximal margin and rapidly decreasing in size in sequence downwards, 
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though the uppermost one is by no means the largest. The strips of the lower 
group number three and are also elongate, lying nearly at right angles to the 
foregoing and connected with one another at the lower end. The adradial 
muscular area is broken into two parts as seen in A. platyacanthus. In comparison 
with these species, the oral plate of A. miyadii is more specialized. The abradial 
muscular area is extraordinarily large and protrudes distally so as to form a 
conspicuous wing; the indentation, which penetrates into the area from the middle 
of proximal margin, is very distinct and elevated, bearing many branches like the 
venation of a leaf. The adradial muscular area is also divided into two parts as 
in the foregoing (PI. V, figs. 1—4). In A. japonicus the abradial muscular area 
is similarly divided into two parts dorso-ventrally by a middle transverse interval, 
the inner margins of which are irregularly notched; between these two parts are 
two smaller ones, lying nearly horizontally. The spoon-shape of the adradial 
muscular area is imperfect, consisting of upper large and lower small fragments 
(PI. V, figs. 9—10). The oral plate in Unioplus macraspis is similar to that of 
Amphioplus asterictus (PI. IV, fig. 49—50). The oral plates of Amphichilus 
trichoides and Amphiacantha acanthina are well in agreement with those of 
Amphioplus in many features. The abradial muscular areas bear an indentation, 
v/hich is rather broad, not far-reaching and bifurcated dorso-ventrally at the centre 
of the area. The adradial ones are spoon-shaped (PI. V, figs. 5-8). The oral 
plate of Diamphiodia , as seen in an unnamed species of that genus, is distinctly 
divergent proximad, and resembles that of Amphioplus miyadii. The abradial 
muscular area, which is well developed and forms a conspicuous distal wing, is 
divided into two parts, the upper one of which is large and bears a radially 
branched indentation at the middle of proximal margin, while the lower one is 
very small, without any notch. The adradial muscular area is typically spoon¬ 
shaped. As the oral plate of D. dehita agrees so well with that of the foregoing 
in many features, it seems needless to add any account of it. 

In contradistinction to those mentioned above, the oral plate of Amphipholis 
sobrina is a little longer than high and not so distinctly divergent proximad. The 
abradial muscular area is of moderate size, entire and ear-shaped, but it does not 
form a conspicuous distal wing. The adradial area is divided into two parts, as 
often seen in this family; the upper part is exceedingly large and somewhat 
triangular in shape, while the lower one is very small and elliptical (PI. V, figs. 
11-12). The oral plate of A. japonica falls in the same category as that of 
A. sobrina , but the abradial muscular area is divided into two parts dorso- 
ventrally by a transverse interval, though the division is rather imperfect, and the 
adradial one preserves only the upper enlarged portion, the lower narrow one 
wholly disappearing (PI. V, figs. 13—14). On the other hand, that of A. tetra - 
cantha is typically wing-shaped. Here, the abradial muscular area, which is rather 
large and markedly concave at the middle of proximal margin, forms a moderate 
distal wing, an indentation with several short branches entering the area from 
the middle of distal margin. The abradial area is quite spoon-shaped (PI. V, 
figs. 15-16). The oral plate of A. kochii, like that of A. tetracantha , carries a 
distinctly spoon-shaped adradial muscular area, but its abradial muscular area, 
which is rather large and forms a marked distal wing, is subdivided into two parts, 
one lying above the other. Each of them has a more or less branched notch on 
the inner border. Besides these, two small portions are found between them, as 
already observed in Amphioplus japonicus (PI. V, figs. 17-18). 

The oral plate is essentially wing-shaped in the other genera of Amphiuridae 
studied, as in most members of the family. In Hemilepis arcystata> Amphine- 
phthys crossota , and Amphiura trachydisca the abradial muscular area is ear- 
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shaped in outline, and subdivided into three or four parts, the middle ones of 
which are very small, but thick, whilst the upper and lower parts are long and 
narrow, curved along the outer margin (PI. V, figs. 19-24). The abradial muscular 
area of Amphiura pachybactra is rather well defined; the indentations 
formed on each piece of the area from the inner margin are indistinct. The 
adradial muscular area of this species consists of two or three parts (PL V, figs. 
27-28). The division of the abradial muscular area is imperfect in Monam- 
phiura lutkeni ; the adradial area comprises two parts (Plate V, figs. 25-26). In 
Ophiopeltis aestuarii the abradial muscular area is divided into three parts, the 
uppermost being the largest. This uppermost part is also deeply indented along 
the inner margin by several more or less branched, radially directed notches; the 
lower parts do not bear such notches. The adradial area is typically spoon-shaped 
(Plate V, figs. 29-30). In Ophiopeltis octacantha the oral plate resembles that 
of Hemilepis arcystata (Plate V, figs. 31-32). 

Dental and Oral Plates of Ophiothricidae 

The dental and oral plates of the Ophiothricidae are very similar to those 
of the Amphiuridae, especially to those of the Ophiactinae. The dental plate, 
which is entire and more or less swollen at the lower part, resembling a slipper 
in general appearance, bears a number of distinct foramina along the median 
line of the upper portion. Each foramen is usually divided into two lateral halves 
by a vertical bar, except the uppermost one, which is sometimes entire. Unlike 
the dental plate of the Amphiuridae, there is a marginal series of small, rounded 
foramina or depressions on each side of the lower portion; these are continuous 
with the upper foramina. Further, there are no depressions on the lower portion, 
such as occur in the Amphiuridae. The oral plate of this family is also wing¬ 
shaped. The abradial muscular area, which is large and ear-shaped in outline, 
protrudes distally like a wing and usually bears a branched indentation. The 
adradial one is essentially spoon-shaped, but in most cases the narrow lower part 
disappears completely. 


Fig. 1 —Abradial view; and Fig. 2—Adradial view of Astroclon propugnatoris X 7. Fig. 3 
—Abradial view; and Fig. 4—Adradial view of Ophiologimus hexactis X 21. Fig. 5— 
Abradial view; and Fig. 6—Adradial view of Ophiophrura liodisca X 11. Fig. 7—Abradial 
view; and Fig. 8—Adradial view of Ophiolimna diastata X 11. Fig. 9—Abradial view; 
and Fig. 10—Adradial view of Ophiomitrella ikedai X 21. Fig. 11—Abradial view; and 
Fig. 12—Adradial view of Ophiomitrella sterifera X 21. Fig. 13—Abradial view; and 
Fig. 14—Adradial view of Ophiophthalmus cataleimmoidus X 11. Fig. 15—Abradial 
view; and Fig. 16—Adradial view of Ophiophthalmus normani X 11. Fig. 17—Abradial 

view; and Fig. 18—Adradial view of Ophiacantha acanthinotata X 21. Fig. 19—Abradial 

view; and Fig. 20—Adradial view of Ophiacantha bisquamata X 11. Fig. 21—Abradial 

view; and Fig. 22—Adradial view of Ophiotreta gratiosa X 11. Fig. 23—Abradial view; 
and Fig. 24—Adradial view of Ophiacantha mitsuii X 11. Fig. 25—Abradial view; and 

Fig. 26—Adradial view of Ophiacantha rhachophora X 21. Fig. 27—Abradial view; and 

Fig. 28—Adradial view of Ophiothamnus venustus X 21. Fig. 29—Abradial view; and 
Fig. 30—Adradial view of Ophiocamax rugosa X 11. Fig. 31—Abradial view; and Fig. 32 
—Adradial view of Ophiomoeris pentagona X 21. Fig. 33—Abradial view; and Fig. 34— 
Adradial view of Amphilepis diastata X 21. Fig. 35—Abradial view; and Fig. 36— 
Adradial view of Ophiactis hemiteles X 21. Fig. 37—Abradial view; and Fig. 38—Adradial 
view of Ophiactis macrolepidota X 32. Fig. 39—Abradial view; and Fig 40—Adradial 
view of Ophiactis modesta X 21. Fig. 41—Abradial view; and Fig. 42—Adradial view of 
Ophiactis savignyi X 21. Fig. 43—Abradial view; and Fig. 44—Adradial view of Ophio- 

pholis brachyactis X 11. Fig. 45—Abradial view; and Fig. 46—Adradial view of Ophio- 

pholis mirabilis X 11. Fig. 47—Abradial view; and Fig. 48—Adradial view of Amphioplus 
asterictus X 11. Fig. 49—Abradial view; and Fig. 50—Adradial view of Unioplus 
macraspis X 11. Fig. 51—Abradial view; and Fig. 52—Adradial view of Amphioplus 

platyacanthus X 32. 
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All figures show the oral plate in the species cited. 
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The dental plate of Ophiothrix armata is about twice as long as wide and 
distinctly concave at the middle of the lateral margin, with upper and lower ends 
broadly rounded; the lower part is somewhat broader than the upper one. The 
foramina which occupy the upper half of the plate, are conspicuous, three in 
number and decreasing in size in sequence downwards; the uppermost one is 
entire, compressed and slightly notched in the middle of its upper margin, while 
the lower two are completely divided into two halves. Small marginal depressions, 
two on each side, are found on the lower portion (PL II, fig. 6). That of 
O. koreana is more elongate than in the foregoing species and more than twice 
as long as broad, the concavity at the middle of the lateral side being rather in¬ 
conspicuous. The lower part of the plate is flat, somewhat enlarged and provided 
with a marginal series of two or three small, rounded foramina on each side. The 
appearance of the foramina on the upper portion is like that of O. armata , but 
the uppermost one is not the largest (PI. II, fig. 7). In O. marenzelleri the dental 
plate is much more elongate than in the foregoing species and about three times 
as long as broad, the lower portion being a trifle swollen and prolonged down¬ 
wards. The foramina of the upper portion are small, three in number and similar 
to those of the foregoing species, becoming transformed into a marginal series 
of several small depressions on the lower portion (PI. II, fig. 8). In O. stabilis 
the dental plate is somewhat similar to that of O. koreana in outline, but differs 
from it in carrying three small, rounded projections near the lower end. The 
foramina number four, the upper two undivided, compressed and narrow at the 
middle, while the lower two are divided as usual. The marginal series of depres¬ 
sions, four on each side of the lower portion, are rather distinct (PI. II, fig. 10). 
The dental plate of Placophiothrix trilincata is about two and a half times as 
long as broad, and bears a close resemblance to that of O. koreana in many 
features, but the foramina are somewhat irregular in shape (PL II, fig. 9). The 
dental plates of Macrophiothrix longipeda and M. schmidti , which are also very 
similar to that of O. koreana in outline, are more than two and a half times as 
long as wide, the lower portion being a little enlarged. The foramina on the 
upper portion number three in both species, distinct and completely divided into 
two lateral halves so as to form two vertical rows. The marginal series of fora¬ 
mina on the lower portion number two to four on each side and are small. In 
M. longipeda the plate is provided with a number of small, rounded projections 
near the ventral margin, but that of M. schmidti has none (PL II, figs. 11-12). 
That of Ophiomaza cacaotica is rather short, a little more than twice as long 
as broad and somewhat enlarged at the lower portion, with upper and lower 
ends rounded. There are four pairs of foramina which occupy the upper three- 
fourths of the plate; they decrease in size and gradually diverge from one another 
as they proceed downwards, turning into the marginal series of small depressions 
on the lower portion, two on each side (PL II, fig. 13). In O. kanekoi the dental 
plate is more elongate than that of O. cacaotica and more than two and a half 
times as long as broad, the lower portion being also swollen and distinctly pro¬ 
longed downwards. The foramina, which occupy the upper half of the plate, 
comprise five pairs and much resemble those of the foregoing species in their 
principal characters. The depressions of the lower portion number four on each 
side, of which the upper two are more or less connected with the corresponding 
ones of the opposite side, while the lower ones are independent (PL II, fig. 14). 
In Ophiothela danae the dental plate is about twice as long as broad, and agrees 
with that of O. armata in general appearance, but the three foramina are all 
completely divided, so as to form three pairs. It carries no marginal series of 
depressions on the lower portion, which is a feature commonly found in this 
family (PL II, fig. 15). The dental plate of Ophiogymna elegans , which is 
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similar to that of O. armata, is a little more than twice as long as broad, the 
lower portion being distinctly enlarged and rounded. The foramina on the upper 
portion comprise four pairs, the upper two of which are very distinct; they are 
gradually transformed into the small marginal depressions of lower lobe, as often 
seen in this family (PI. II, fig. 16). 

The oral plate of Ophiothrix armata is wing-shaped and a little higher than 
long, the proximal part being somewhat enlarged. The abradial muscular area, 
which is well developed so as to form a distal wing, is ear-shaped and has a small 
notch at the middle of distal margin. The adradial one is high up on the plate 
and oval in shape, lower part being wholly lacking (PI. V, figs. 33-34). In 
O. koreana the notch of the abradial muscular area is more distinct than in 
O. armata and forks at a short distance from the entrance, but does not extend 
very far; the adradial muscular area is similar to that of O. armata (PI. V, figs. 
35-36). In O. stabilis the notch of the abradial muscular area is bifurcated, a 
branch turned upwards bearing a twig on the aboral side. In O. marenzelleri 
the notch of the same area, which is also branched dichotomously as in the fore¬ 
going, is provided with several short twigs on each side. The adradial muscular 
areas of these two species are little different from that of O. armata (PI. V, figs. 
37-40). The oral plate of Placophiothrix trilineata matches that of O. stabilis 
in having the abradial muscular area with a branched indentation and in having 
the adradial one without the lower portion (PI. V, figs. 41—42). The oral plate 
of Macrophiothrix schmidti is also wing-shaped. The abradial muscular area, 
which is very large and also ear-shaped in general view, is divided into three parts, 
of which the upper and lower ones bear three to five distinct indentations along 
the inner margin and are connected with one another at the proximal corner, 
while the middle one, which also bears a distinct notch on the proximal edge, is 
smaller than the former and independent. The adradial muscular area is broadly 
divided into two portions, one of which is very conspicuous and placed high up 
on the plate, while the other is small and lies near the ventral end of the adradial 
articular area. In M. longipeda the abradial muscular area, which is ear-shaped 
in outline and distinctly notched in the middle of distal margin, is very large and 
forms a remarkable distal wing; it is also divided into three pieces, the middle one 
of which is small, entire, compressed and protruding distally from the margin, 
while the upper and lower ones are large and deeply indented like a comb along 
the inner side. The adradial muscular area retains only the upper portion, as in 
Ophiothrix, the lower narrow one entirely disappearing (PI. V, figs. 43-44). The 
oral plate of Ophiomaza is essentially of the same type as that of Ophiothrix, 
but its proximal portion is more distinctly enlarged than in the latter. The abradial 
muscular area is comparatively small and ear-shaped in outline, forming a slight 
distal wing. In O. kanekoi the indentation of the abradial muscular area forks 
dorso-ventrally like that of Ophiothrix koreana , each branch tapering and gently 
curved. On the other hand, in O. cacaotica it is also branched in the same way 
as in the foregoing, but a branch turned upwards bears two twigs along the distal 
side. The adradial muscular areas in both species are also placed high up on the 
plate, small and somewhat oval in shape, without the lower narrow part (PL V, 
figs. 45-48). The oral plate of Ophiogymna elegans is similar to that of Ophio¬ 
thrix armata. Accordingly it seems unnecessary to give any further account of 
it (PI. V, figs. 49-50). The oral plate of Ophiothela danae is quite different from 
those of the other members of this family, because the upper edges of the notch 
for the ring nerve become connected with each other so as to form a hole; but 
the other characters are not distinctive. The abradial muscular area is of moderate 
size, entire and somewhat ear-shaped in outline, but it does not form a marked 
distal wing. The adradial one consists of two pieces, among which the upper 
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one is very large and triangular in shape, while the lower one is small and 
elliptical (PL V, figs. 51-52). 

Dental and Oral Plates of Ophionereididae 

Though the Ophionereidinae have been included in the Ophiochitonidae, to¬ 
gether with the Ophiochitoninae, the dental and oral plates of these subfamilies 
are of quite a different type. Therefore, it seems desirable to separate the former 
from the latter as distinct families (Murakami, 1947). 

The dental and oral plates of the Ophionereididae are similar to those of the 
Amphiuridae and Ophiothricidae in many characters. The dental plate is entire 
and bears one or two foramina on the upper portion, each of which is perfectly 
divided into two lateral halves by a broad vertical bar. Besides these foramina, 
two or three rather distinct depressions are present on the lower portion, which 
make a continuous vertical row with the foramina. The oral plate, which may 
be either longer than high or higher than long, is rather wing-shaped; the abradial 
and adradial muscular areas are also well developed. 

The dental plate of Ophionereis aplacophora is rather elongate, more than 
twice as long as broad and somewhat wedge-shaped in outline, with truncated 
upper and lower ends. It bears two pairs of foramina (i.e., two foramina, each 
being divided into two similar lateral halves) and three more or less distinct 
depressions along the vertical median line (PL II, fig. 19). That of O. variegata, 
which is nearly two and a half times as long as broad, is elongate pentagonal, with 
an angle turned downwards, the lateral margins being nearly parallel to each 
other. The foramina number two, the upper one being elliptical, and the lower 
one tetragonal; both of them are divided. The depressions are three in number 
and inconspicuous (PL II, fig. 20). The dental plates of Ophionereis dubia 
(marktanneri type) and O. thryptica are rather short, about twice as long as broad, 
a little swollen at the middle part and slightly tapering downwards. They bear two 
pairs of foramina and two depressions along the median line (PL II, figs. 22-23). 
That of O. dubia (dictydisca type) is very short, less than twice as long as broad 


Fig. 1—Abradial view; and Fig. 2—Adradial view of Amphioplus iuxtus X 21. Fig 3— 
Abradial view; and Fig. 4—Adradial view of Amphioplus miyadii X 11. Fig. 5—Abradial 
view; and Fig. 6—Adradial view of Amphichilus trichoides X 21. Fig. 7—Abradial view, 
and Fig. 8—Adradial view of Amphiacantha acanthina X 21. Fig. 9—Abradial view; 
and Fig. 10—Adradial view of Amphioplus japonicus X 21. Fig. 11—Abradial view; and 
Fig. 12—Adradial view of Amphipholis sobrina X 32. Fig. 13—Abradial view; and Fig. 
14—Adradial view of Ajnphipholis japonica X 32. Fig. 15—Abradial view; and Fig. 16— 
Adradial view of Amphipholis tetracantha X 32. Fig. 17—Abradial view; and Fig. 18— 
Adradial view of Amphiopholis kochii X 21. Fig. 19—Abradial view; and Fig. 20— 

Adradial view of Hemilepis arcystata X 11. Fig. 21—Abradial view; and Fig. 22— 

Adradial view of Amphinephthys crossota X 21. Fig. 23—Abradial view; and Fig. 24— 
Adradial view of Amphiura trachydisca X 7. Fig. 25—Abradial view; and Fig. 26— 

Adradial view of Monamphiura liitkeni X 21. Fig. 27—Abradial view; and Fig. 28— 

Adradial view of Amphiura pachybactra X 21. Fig. 29—Abradial view; and Fig. 30— 
Adradial view of Ophiopeltis aestuarii X 21. Fig. 31—Abradial view; and Fig. 32— 

Adradial view of Ophiopeltis octacantha X 21. Fig. 33—Abradial view; and Fig. 34— 

Adradial view of Ophiothrix armata X 32. Fig. 35—Abradial view; and Fig. 36— 

Adradial view of Ophiothrix koreana X 21. Fig. 37—Abradial view; and Fig. 38— 

Adradial view of Ophiothrix marenzelleri X 7. Fig. 39—Abradial view; and Fig. 40— 

Adradial view of Ophiothrix stabilis X 11. Fig. 41—Abradial view; and Fig. 42—Adradial 
view of Placophiothrix trilineata X 11. Fig. 43—Abradial view; and Fig. 44—Adradial 
view of Macrophiothrix longipeda X 7. Fig. 45—Abradial view; and Fig. 46—Adradial 
view of Ophiomaza cacaotica X 21. Fig. 47—Abradial view; and Fig. 48—Adradial view 
of Ophiomaza kanekoi X 7. Fig. 49—Abradial view, and Fig. 50—Adradial view of 
Ophiogymna elegans X 21. Fig. 51—Abradial view; and Fig. 52—Adradial view of 

Ophithela danae X 32. 
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Plate V 



All figures show the oral plate in the species cited. 
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and also tapering downwards. The depressions number two, while the foramina 
comprise only one pair (PI. II, fig. 21). 

The oral plate of Opliionereis variegata is somewhat higher than broad. The 
abradial muscular area is rather large, ear-shaped and entire, forming a weak 
distal wing. The adradial one is also large, about as high as the plate and some¬ 
what spoon-shaped, but the upper portion is not so distinctly enlarged (PI. VI, 
figs. 5-6). The oral plate of O. aplacaophora is quite similar to those of Amphi- 
uridae and Ophiothricidae. The abradial muscular area is well developed and 
forms a conspicuous distal wing; a number of distinct indentations enter the area 
from the middle of distal margin, the middle two of which pass through from 
the distal margin to the proximal one so as to divide the area into two parts 
dorso-ventrally. The adradial muscular area is perfectly spoon-shaped, the upper 
portion being distinctly enlarged. The corresponding plate in the remaining 
species is somewhat longer than high. In O. dubia (marktanneri type) and 
O. thryptica the abradial muscular areas are entire, rather large and ear-shaped, 
forming a slight distal wing; the adradial ones are also large and of an elongate 
S-shape (PI. VI, figs. 7-8). In O. dubia (dictydisca type) the abradial muscular 
area is divided into two halves dorso-ventrally by a transverse area, and the 
adradial one is perfectly spoon-shaped like that of O. aplacophora. 

Dental and Oral Plates of Ophiocomidae 

The dental and oral plates of members of the Ophiocomidae are almost 
uniform in their characters, and resemble those of the Ophionereididae. Of the 
two subfamilies, the Ophiocominae are a step more advanced in specialization 
of the dental and oral plates than are the Ophiopsilinae. 

The dental plate of the Ophiocominae, which is entire and elongate, bears 
a vertical series of two or three foramina on the upper portion; these are gener¬ 
ally divided as in the Ophionereididae, and diminish in size in sequence down¬ 
wards. On the lower portion are a number of more or less regularly arranged, 
small, rounded projections, each of which has a tiny hollow on the centre. Fur¬ 
ther, it carries a small number of transverse ridges on the middle of the plate; 
these have not been observed in other ophiurans. The oral plate in this sub¬ 
family is wing-shaped and carries well developed abradial and adradial muscular 
areas. 

The dental plate of Ophiocoma brevipes is rather short, about twice as long 
as broad, and tongue-shaped in outline; the upper end is truncated; the lateral 
margins are straight; the lower end is broadly rounded. The foramina, which 
occupy the upper half of the plate, number two and are very remarkable. The 
upper one is much larger than the lower one; each of them is divided into two 
lateral halves by a very broad median vertical bar. The lower lobe is narrow and 
furnished with a small number of inconspicuous rounded projections along the 
lower margin. The ridges in the middle are weakly developed (PI. Ill, fig. 1). 
That of O. latilanxa is somewhat more elongate than in the foregoing species, 
more than twice as long as broad, and more or less slipper-shaped in general 
aspect, the middle part being a little narrow. The projections on the lower lobe 
are more numerous than those of O. brevipes and arranged in three somewhat 
irregular vertical rows. The two transverse ridges on the middle part are poorly 
developed and make contact with each other so as to produce a figure-of-eight. 
The foramina on the upper portion number two, are distinct and divided by a 
narrow vertical ridge as in O. brevipes (PI. Ill, fig. 2). The corresponding 
plates of O. pica and O. erinaceus are still more elongate, and two and a half 
times as long as broad; the former is somewhat slipper-shaped as that of 
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O. latilanxa, while the latter is spatulate and a trifle swollen in the middle. The 
transverse ridges of the middle part number two in both species and are well 
developed; the upper one is divided into two lateral halves by a middle area, 
while the lower one is entire and distinctly curved upwards. The projections of 
the lower lobe are numerous and arranged in three vertical rows. The foramina 
are somewhat less distinct than in the foregoing species, but are completely 
divided; in O. pica they number two, while in O. erinaceus there are three (PI. Ill, 
figs. 3-4). The dental plate of O. scolopendrina is very long, nearly three times 
as long as broad and slightly tapered below, so as to become somewhat wedge- 
shaped. The transverse ridges are three in number, the upper ones close to each 
other and divided as in the foregoing species, while the lower one is entire and 
gently curved. The projections of lower lobe are also numerous and arranged in 
two vertical series. The foramina are similar to those of O. pica (PI. Ill, fig. 5). 
The dental plate of Ophiomastix belongs to the same category as that of Ophio - 
coma , but the foramina on the upper portion number three, each of them being 
completely divided. The dental plate of O. variabilis, which bears a close re¬ 
semblance to that of Ophio coma latilanxa, is about two and a half times as long 
as broad, and a little concave at the middle of the lateral margin. The foramina, 
which occupy the upper half of the plate, are distinct and gradually decrease in 
size in sequence downwards. The transverse ridges of the middle part number 
one or two and are indistinct. The lower lobe is rather narrow and provided with 
a small number of rounded projections (PI. Ill, fig. 12). That of O. palaoensis 
is oblong, more than twice and a half times as long as broad and a trifle swollen 
at the middle part, with upper and lower ends truncated. The transverse ridges 
on the middle part number four, the upper three being divided into two parts. 
The lower lobe is very narrow and provided with six small projections. The fora¬ 
mina are similar to those of the foregoing species (PI. Ill, fig. 11). The dental 
plates of O. annulosa and O. asperula are oblong and about three times as long 
as broad, being nearly uniform in breadth throughout the whole length or faintly 
swollen at the middle part. The ridges of the middle part number two, the upper 
one being ill-developed, while the lower one is distinct and gently curved. The 
lower lobe is rather broad and bears numerous small, rounded projections, which 
are arranged in three rather regular vertical rows. The foramina of both species 
do not differ from those mentioned above in their essential characters (PI. Ill, 
figs. 6-7). The dental plates of O. caryophyllata and O. lutkeni are quite similar 
to those of the foregoing species, but the transverse ridges of the middle part are 
more distinct and number three, the upper two in contact with each other and 
divided into two pieces laterally. The projections of the lower lobe are arranged 
in two or three vertical rows, the upper one larger than the lower ones. The 
foramina show no distinct specialization (PI. Ill, figs. 8-9). In O. mixta the 
dental plate is somewhat wedge-shaped in outline and slightly tapered below, but 
is blunt at the lower end; the other characters do not differ from those of the 
other members of this genus (PI. Ill, fig. 10). The dental plate of Ophiarthrum 
also falls within the range of variation in this subfamily. The dental plate of 
O. elegans , which is quite similar to that of Ophiomastix palaoensis in general 
appearance, is oblong, and about two and a half times as long as broad, the upper 
end truncated, the lower end broadly rounded. The foramina number three and 
occupy the upper half of the plate, the uppermost being the largest and entire; 
but it is deeply notched at the middle of the dorsal margin; the middle foramen, 
which is also distinct, is divided into two lateral halves by a narrow vertical bar; 
the lowermost one is the smallest and broadly divided. The transverse ridges 
number four and are nearly parallel to each other; the upper two are broken into 
two parts, while the lower two are entire. The lower lobe is very narrow and 
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carries a small number of projections on the surface (PI. Ill, fig. 13). The dental 
plate of O. pictum is about three times as long as wide, the ventral part being 
somewhat narrower than the upper one. The foramina number two and are 
completely divided as usual. The transverse ridges of the middle part are well 
developed and number three, the upper two broken into two pieces. The lower 
lobe, which is more distinctly prolonged downwards than in O. elegans , is provided 
with nine or ten small, rounded projections, which are arranged in three vertical 
series, as often seen in Ophiocoma and Ophiomastix (PI. Ill, fig. 14). 

The oral plate of Ophiocoma , which bears a close resemblance to that of the 
Ophionereididae, is almost uniform in its essential characters. It is typically 
wing-shaped; the abradial muscular area, which is remarkably large and forms 
a distinct distal wing, occupies the greater part of the abradial flank; the adradial 
one is also well developed. The articular ridges and grooves are distinct on both 
sides. In Ophiocoma latilanxa the oral plate is rather low and about as long as 
high. The abradial muscular area is somewhat ear-shaped in outline and more 
or less concave midway along the proximal and distal margins, an indentation 
with some short, sharply pointed branches entering the area from the middle of 
the distal margin. The adradial area is narrow, vertical and elongate S-shaped, 
the upper end a little enlarged (PI. VII, figs. 11-12). The oral plate of O. pica 
is higher than long. The abradial muscular area is divided into two parts dorso- 
ventrally by a narrow transverse area; a distinct, branched indentation enters 
each part of the area from the distal margin. The adradial muscular area is very 
narrow and somewhat J-shaped, the upper portion being scarcely enlarged (PI. 
VII, figs. 15-16). In O. hrevipes and O. scolopendrina the abradial muscular 
areas are similar to that of O. pica in carrying a number of deep indentations, 
but those of the middle part pass through the area from the distal margin to the 
proximal one so that the area becomes from two to four separated strips at that 
area; the adradial ones are nearly vertical, somewhat spoon-shaped and slightly 


Fig. 1—Abradial view; and Fig. 2—Adradial view of Ophiochiton fastigatus X 11. Fig. 3— 
Abradial view; and Fig. 4—Adradial view of Ophioplax lamellosa X 21. Fig. 5—Abradial 
view, and Fig. 6—Adradial view of Ophionereis variegata X 21. Fig. 7—Abradial view; 
and Fig. 8—Adradial view of Ophionereis dubia (marktanneri type) X 21. Fig. 9— 

Abradial view; and Fig. 10—Adradial view of Ophiozonella longispina X 11. Fig. 11— 

Abradial view; and Fig. 12—Adradial view of Ophiolepis annulosa X 7. Fig. 13— 

Abradial view; and Fig. 14—Adradial view of Ophiolepis cardioplax X 21. Fig. 15— 

Abradial view; and Fig. 16—Adradial view of Ophiolepis cincta X 11. Fig. 17—Abradial 
view; and Fig. 18—Adradial view of Ophioplocus imbricatus X 7. Fig. 19—Abradial view, 
and Fig. 20—Adradial view of Ophioplocus japonicus X 7. Fig. 21—Abradial view; and 
Fig. 22—Adradial view of Ophiotylos leucus X 32. Fig. 23—Abradial view; and Fig. 24— 
Adradial view of Ophiomusium cancellatum X 11. Fig. 25—Abradial view; and Fig. 26— 
Adradial view of Ophiomusium trychnum X 11. Fig. 27—Abradial view; and Fig. 28— 
Adradial view of Ophiomusium simplex X 7. Fig. 29—Abradial view; and Fig. 30— 
Adradial view of Ophiura kinbergi X 11. Fig. 31—Abradial view; and Fig. 32—Adradial 
view of Ophiura flagellata X 7. Fig. 33—Abradial view; and Fig. 34—Adradial view of 
Ophiura micracantha X 11. Fig. 35—Abradial view; and Fig. 36—Adradial view of 
Ophiura ooplax X 11. Fig. 37—Abradial view; and Fig. 38—Adradial view of Ophiura 
calyptolepis X 11. Fig. 39—Abradial view; and Fig. 40—Adradial view of Ophiura sarsii 
X 11. Fig. 41—Abradial view; and Fig. 42—Adradial view of Stegophiura rhabdotoplax 
X 11. Fig. 43—Abradial view; and Fig. 44—Adradial view of Stegophiura sculpta X 21. 
Fig. 45—Abradial view; and Fig. 46—Adradial view of Stegophiura sterea X 11. Fig. 47 
—Abradial view; and Fig. 48—Adradial view of Aspidophiura uniumbonata X 21. Fig. 
49—Abradial view; and Fig. 50—Adradial view of Ophioleuce carischema X 11. Fig. 51— 
Abradial view; and Fig. 52—Adradial view of Ophiurodon cinctum X 21. Fig. 53— 

Abradial view; and Fig. 54—Adradial view of Ophiurodon cupidum X 21. Fig. 55— 

Abradial view; and Fig. 56—Adradial view of Ophiarachna incrassata X 7. Fig. 57— 

Abradial view; and Fig. 58—Adradial view of Ophiarachna ohshimai X 7. Fig. 59— 

Abradial view; and Fig. 60—Adradial view of Ophioclastus hataii X 21. 
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All figures show the oral plate in the species cited. 
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enlarged at the upper part, but the narrow lower portion is not curved distally 
(PI. VII, figs. 13-14 and 17-18). In O. erinaceus the abradial muscular area is 
essentially similar to those of the foregoing species, but the separated strips of 
middle part are more numerous than in the latter; the adradial one is scarcely 
enlarged above, like that of O. pica, but is distinctly curved distally below (PI. 
VII, figs. 19-20). The oral plate of Ophiomastix is wing-shaped and resembles 
that of Ophiocorna. In O. variabilis the abradial muscular area is divided into 
two parts dorso-ventrally by a transverse area like that of Ophiocorna pica, but 
the indentations are few, and two or three in number. O. palaoensis resembles 
Ophiocorna scolopendrina and O. erinaceus in the condition of indentation. The 
adradial muscular area of these species is very narrow and divided into two 
portions so as to form a J-shape in general aspect (PI. VII, figs. 21-24). As 
the oral plates of O. mixta , O. lutkeni, and O. annulosa are quite similar to that 
of Ophiocorna erinaceus , I give no further description of them (PI. VII, figs. 
25-30). The oral plate of Ophiarthrum also belongs to the same category as those 
of Ophiocorna and Ophiomastix. In O. elegans the abradial muscular area con¬ 
sists of numerous narrow strips, among which only several upper and lower ones 
are connected with one another along the dorsal or proximal margin, while those 
of O. pictum are all completely separated from one another. The adradial 
muscular areas of both species, which accord well with those of Ophiocorna 
brevipes and O. scolopendrina , are spoon-shaped, the upper part a trifle enlarged, 
while the lower one is narrow and not curved distally (PI. VII, figs. 31-34). 

It was difficult to obtain any representative of the Ophiopsilinae, but I was 
fortunate to receive an undescribed species of Ophiopsila from Mr T. Habe, then 
a member of the Seto Marine Biological Laboratory. As a result of my studies 
on it, I can report that the dental and oral plates of this species are more closely 
related to those of the Ophionereididae than to those of the Ophiocominae. The 
species will be defined and named elsewhere. 

The dental plate of this species is elongate, two and a half times as long as 
broad, and tongue-shaped, with truncated upper and rounded ventral margins. 
Two foramina are found on the upper part of the plate, each completely divided 
as usual. The depressions are also present on the lower portion, but are rather 
indistinct. Unlike the dental plate of the Ophiocominae, it bears neither trans¬ 
verse ridges nor small, rounded projections anywhere. 

The oral plate of this species is wing-shaped and about as high as long. The 
abradial muscular area is rather large and ear-shaped, the lower portion being 
more enlarged than the upper one; a distinct indentation enters the area from 
the middle of distal margin, and bifurcates dorso-ventrally at the centre of area. 
The adradial muscular area is well developed, vertical and somewhat spoon¬ 
shaped, but the upper portion is scarcely enlarged. 

Dental and Oral Plates of Ophiochitonidae (emend) 

I have studied only two species of this family, namely Ophiochiton fastigatus 
and Ophioplax lamellosa. The dental plates of these two species bear some 
resemblance to those of some Ophiacanthids, such as those of Ophiolimna diastata 
and Ophiophthalmus normani , while the oral plates are rather similar to that of 
Amphilepis diastata belonging to the Amphilepididae. 

The dental plate of O. fastigatus , which is divided into two parts dorso- 
ventrally by a transverse fissure, is somewhat fusiform in outline and nearly three 
times as long as broad; it carries a vertical series of five rather distinct, com¬ 
pressed depressions along the median line. That of O. lamellosa , which is about 
two and a half times as long as broad, is entire and spatulate; the depressions 
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are four in number and similar to those of O. fastigatus in character (PI. II, 
figs. 17-18). 

The oral plate of O. fastigatus is a little longer than high and somewhat axe¬ 
shaped in the lateral view, gently divergent proximally. The abradial muscular 
area is of moderate size, higher than broad and roughly triangular in shape, with 
margins rather straight, and the dorsal and proximal angles broadly rounded. 
The adradial area is small, obliquely elliptical and placed low down on the plate 
(PI. VI, figs. 1-2). The corresponding plate of O. lamellosa is in close agreement 
with that of the foregoing species, but the abradial muscular area is compara¬ 
tively large, and its proximal margin is re-enteringly curved. The adradial one is 
small and nearly vertical, the ventral portion somewhat turning distally (PI. VI, 
figs. 3-4). 

Dental and Oral Plates of Ophiuridae (= Ophiolepididae) 

The dental and oral plates of the Ophiuridae differ in the two subfamilies, 
namely the Ophiolepidinae and the Ophiurinae. I shall give separate accounts 
of the plates. 

The plates in the Ophiolepidinae show a rather wide variation, but some of 
them bear some resemblance to those of the Ophiochitonidae. The dental plate 
is entire and usually carries a vertical series of depressions along the median line, 
but sometimes it is provided with some foramina on the upper portion. The oral 
plate is mostly axe-shaped in outline, with more or less developed abradial and 
adradial muscular areas. 

The dental plates of Ophioplocus japonicus and O. imbricatus are rather 
thick, stout, more than twice as long as broad and spatulate in shape, with trun¬ 
cated upper and convex lower ends, the lateral margins being nearly parallel to 
each other or weakly divergent below. They are provided with a vertical series 
of six or seven conspicuous depressions along the median line, the middle ones 
being compressed, while the upper and lower ones are rounded or triangular in 
shape (PI. II, figs. 29-30). The dental plate of Ophiolepis annulosa is oblong, 
more than twice as long as broad and slightly divergent below; the upper and 
lower ends are similar to those of the foregoing species. The depressions number 
seven, and are distinct and more or less elliptical in shape (PI. II, fig. 26). In 
O. cincta and O. cardioplax the plates are rather short, less than twice as long 
as broad and also divergent below with truncated upper and three-sided lower 
ends. The depressions number four in both species and are distinct. In O. cardio¬ 
plax the uppermost depression is converted into an imperfect foramen (PI. II, 
figs. 27-28). The dental plate of Ophiozona aedilepis, which is more than twice 
as long as broad and swollen below, is furnished with two distinct foramina on 
the upper part like those of the Ophionereididae, each foramen divided into two 
lateral halves by a vertical bar. Besides these foramina, there is a vertical row of 
three faint depressions on the lower part (PI. II, fig. 24). In Ophiozonella 
longispina, the dental plate is more than twice as long as broad and spatulate in 
outline, with a small tongue-like lobe at the lower end. As in O. aedilepis , it has 
three foramina on the upper portion, the upper two entire and larger than the 
lowermost, which is divided into two halves as usual. Besides these foramina, 
three distinct depressions are present on the lower half of the plate, decreasing 
in size in sequence downwards (PI. II, fig. 25). On the other hand, the dental 
plate of Ophiotylos leucus is very short, a trifle longer than broad and somewhat 
spindle-shaped in outline, with rounded upper and lower ends. The depressions 
number two; they are very indistinct and the foramina are wanting (PI. II, fig. 
31). In Ophiomusium trychnum and O. simplex the dental plate is spindle- 
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shaped and a trifle more than one and a half times as long as broad, the broadest 
part being some distance below the middle. In O. trychnum it is provided with 
a vertical linear series of four depressions along the median line; these are very 
compressed, except for the uppermost, which is small and rounded. In O. simplex 
the depressions are irregular in shape and arrangement (PI. II, figs. 32-33). Un¬ 
like the dental plates of the foregoing species, that of Ophiomusium cancellatum 
is somewhat spatulate in shape, much less than twice as long as broad and fur¬ 
nished with several distinct, rather irregularly arranged projections on the adoral 
surface; neither foramina nor depressions occur anywhere (PI. II, fig. 34). 

The oral plates of Ophioplocus japonicus and O. imbricatus, which bears some 
resemblance to those of the Ophiochitonidae, are almost as long as high and 
somewhat divergent proximad so as to become axe-shaped in lateral view. The 
abradial muscular areas are of moderate size and roughly triangular in shape, 
with the angles rounded. The adradial muscular areas are rather large, vertical, 
reaching from near the ventral margin to the upper one and gently curved so 
as to assume an elongate S-shape (PI. VI, figs. 17-20). The oral plate of 
Ophiolepis is more elongate than that of Ophioplocus; the abradial and adradial 
muscular areas are comparatively small. That of O. cincta is a little longer than 
high and its distal half is abruptly contracted. The abradial muscular area is of 
moderate size, broader than high and somewhat oval in shape. The adradial area 
is rather large, vertically elongate, slightly curved distally below and gradually 
divergent upwards (PI. VI, figs. 15-16). The corresponding plate of O. cardio - 
plax is still elongate and more distinctly reduced in size at the distal half than in 
O. cincta , but is somewhat enlarged at the distal end. The adradial muscular 
area is also of moderate size and oval in shape, while the adradial one is rather 
large, elongate, oblique and tapering upwards (PI. VI, figs. 13-14). The oral 
plate of O. annulosa is quite similar to that of O. cardio plax in outline, but the 
abradial and adradial muscular areas of the former become somewhat smaller 
than in the latter. The abradial muscular area is oblong and oblique, while the 
adradial one is nearly vertical and compressed fusiform (PI. VI, figs. 11-12). The 
oral plate of Ophiozonella longispina , which resembles that of Ophioplocus , is 
axe-shaped, a trifle higher than long and distinctly divergent proximad. The 
abradial muscular area is moderate in size and nearly rounded. The adradial area, 
which resembles that of O. japonicus , is well developed, vertical and of elongate 
S-shape (PI. VI, figs. 9-10). The oral plate of Ophiozona aedilepis agrees with 
that of the foregoing species in many characters. On the other hand, that of 
Ophiotylos leucus is very elongate and about twice as long as high, the proximal 
part being not so remarkably enlarged. The abradial muscular area is small and 
transversely elliptical, while the adradial one is rather large, elongate and oblique 
(PI. VI, figs. 21-22). The oral plate in Ophiomusium cancellatum, O. trychnum 
and O. simplex is also very elongate, from about two to two and a half times 
as long as high and not distinctly divergent proximad, while the distal part con- 


and Fig. 12—Adradial view of Ophiocoma latilanxa X 21. Fig. 13—Abradial view; and 
Fig. 14—Adradial view of Ophiocoma brevipes X 7. Fig. 15—Abradial view; and Fig. 16 
—Adradial view of Ophiocoma pica X 7. Fig. 17—Abradial view; and Fig. 18—Adradial 
view of Ophiocoma scolopendrina X 7. Fig. 19—Abradial view; and Fig. 20—Adradial 
view of Ophiocoma erinaceus X 7. Fig. 21—Abradial view and Fig. 22—Adradial view of 
Ophiomastix variabilis X 11. Fig. 23—Abradial view; and Fig. 24—Adradial view of 
Ophiomastix palaoensis X 7. Fig. 25—Abradial view; and Fig. 26—Adradial view of 
Ophiomastix mixta X 7. Fig. 27—Abradial view; and Fig. 28—Adradial view of Ophio¬ 
mastix liitkeni X 7. Fig. 29—Abradial view; and Fig. 30—Adradial view of Ophiomastix 
annulosa X 7. Fig. 31—Abradial view; and Fig. 32—Adradial view of Ophiarthrum 
elegans X 7. Fig. 33—Abradial view; and Fig. 34—Adradial view of Ophiarthrum 

pictum X 7. 
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Plate VII 



All figures show the oral plate in the species cited. 


Fig. 1—Abradial view; and Fig. 2—Adradial view of Pectinura aequalis X 7. Fig. 3— 
Abradial view; and Fig. 4—Adradial view of Ophiopezella spinosa X 11. Fig. 5—Abradial 
view; and Fig. 6—Adradial view of Ophiarachnella infernalis X 11. Fig. 7—Abradial 
view; and Fig. 8—Adradial view of Ophiarachnella gorgonia X 7. Fig. 9—Abradial view; 
and Fig. 10—Adradial view of Ophiarachnella septemspinosa X 7. Fig. 11—Abradial view; 
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tracts suddenly. The abradial muscular areas are very small and transversely 
elliptical as in O. leucus, but the adradial ones are by no means of small size 
arid lie almost horizontally beneath the adradial articular area (PL VI, figs. 
23-28). 

The dental plate of the Ophiurinae is entire, somewhat divergent below, so 
as to become more or less bell-shaped in outline, and provided with a vertical 
series of small, rounded depressions along the median line. The oral plate of this 
subfamily, which is of a different type from that of the Ophiolepidinae, is elongate 
and enlarges suddenly at the distal end, so as to become somewhat chisel-shaped 
in lateral view. The abradial muscular area is rather small, and does not form a 
distal wing; the adradial area is also small, obliquely elliptical and low down on 
the plate. The articular ridges and grooves are less developed on both sides. 

The dental plate of Ophiura monostoeca is rather broad, somewhat less than 
twice as long as broad and a trifle divergent below, with the ventral margin 
broadly rounded. The depressions number three and are somewhat localized 
above, the middle one is rather large and compressed, the others small and rounded 
(PI. II, fig. 39). The dental plate of O. flagellata is a little more elongate than 
that of the foregoing species, about twice as long as broad, divergent below, 
rounded above, and with a bluntly angular lower end. The depressions number 
six, are small and more or less rounded, four forming a vertical series, the other 
two lying horizontally, near the ventral end, so as to form an inverted Y-shape 
(PI. II, fig. 36). Those of O. calyptolepis and O. ooplax are even more elongate, 
more than twice as long as broad, but they do not differ in outline from that 
of O. flagellata. The depressions number seven; they are very small and arranged 
in the same way as in the foregoing species, some being imperfectly perforated 
(PI. II, figs. 35, 38). In O. kinbergi and O. micracantha the dental plates, which 
are about twice as long as broad, enlarge suddenly near the ventral end; the upper 
end is broadly rounded, while the ventral margin is somewhat two-sided. In 
O. kinbergi the depressions number five, are indistinct and arranged in a vertical 
linear series along the median line of the plate. In O. micracantha they number 
seven and are arranged to form an inverted T-shape (PI. II, fig. 37). In O . sarsii, 
the dental plate is very different from those enumerated above. It is about twice 
as long as broad and spatulate in shape, with the upper and lower ends very 
rounded, the lateral margins being nearly parallel to each other. The depressions 
are rather distinct, but are very irregular in their arrangement (PI. II, fig. 40). 
The dental plates of Stegophiura sculpta and S. rhabdotoplax are typically bell¬ 
shaped in outline, rounded at the upper end and a little enlarged at the lower 
portion. They are rather elongate and more than twice as long as broad. The 
depressions are four or six in number and rudimentary, their arrangement being 
a vertical linear row or an inverted Y-shape (PI. II, figs. 41-42). That of S. sterea 
is also somewhat more than twice as long as broad and a trifle divergent below, 
with the upper and lower ends rounded. The depressions are arranged to shape 
an inverted Y; the lower four depressions are rather distinct, while the upper 
ones are irregular in shape (PI. II, fig. 43). The dental plate of Aspidophiura 
uninmbonata is very delicate, somewhat bell-shaped in outline and about one 
and a half times as long as broad. The depressions are ill-developed and the 
middle ones are hard to recognise; they are arranged in a vertical series along 
the median line, the uppermost one being perforated (PI. II, fig. 44). 

The oral plate of Ophiura flagellata is somewhat longer than high, the ventral 
margin being nearly horizontal, while the dorsal one is exceedingly elevated at 
the distal end. The abradial muscular area is of moderate size and oval, occupying 
the distal half of the flank. The adradial area is very small, obliquely elliptical 
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and lying nearly beneath the adradial articular area (PI. VI, figs. 31-32). The 
oral plate of O. micrarantha is similar to that of O. flagellata in essential char¬ 
acters, but is somewhat more elongate than the latter. The abradial muscular 
area is rather small, oval, and much broader than high. The adradial one is also 
small, elliptical and oblique as in the foregoing species (PI. VI, figs. 33-34). That 
of O. sarsii tapers a little distally, and then enlarges at the distal end. The 
adradial muscular area is somewhat larger than in the foregoing species. The 
ether characters agree with those of O. micracantha (PI. VI, figs. 39-40). The 
corresponding plates of O. kinbergi and O. ooplax bear a close resemblance to 
that of O. micracantha in many characters, but the abradial muscular area is 
rather small and much compressed (PI. VI, figs. 29-30 and 35-36). Those of 
O. calyptolepis and O. monostoeca are elongate, about twice as long as high, and 
taper slightly distad, though they also enlarge again at the distal end as usual. 
Unlike the preceding species, the distal end of the plate is not quite so high as 
the proximal end. The abradial muscular area is very small and much com¬ 
pressed, while the adradial one is relatively large, and also obliquely elliptical 
(PI. VI, figs. 37-38). The oral plates of Stegophiura sterea , S. sculpta and 
S. rhabdotoplax are quite similar to those of Ophiura in their main characters, 
especially recalling O. calyptolepis and O. monostoeca. They are about twice as 
long as high, and taper a little distally, but suddenly enlarge again at the distal 
end, as in Ophiura. The abradial muscular areas are rather small, elliptical and 
much compressed. The adradial areas, which agree well with those of Ophiura , 
are small, more or less obliquely elliptical, and are set low down on the plate 
(PI. VI, figs. 41-46). The oral plate of Aspidophiura uniumbonata is remark¬ 
ably elongate and about three times as long as high, the distal end being con¬ 
spicuously enlarged. The abradial muscular area is very small and transversely 
elliptical. The adradial area is also small, and lies obliquely, as in the other 
members of this family (PI. VI, figs. 47-48). 

Dental and Oral Plates of Ophioleucidae 

I was unable to carry out an extended study of the Ophioleucidae, as the 
only member of the family which was available was Ophioleuce charischema. 
My study of the dental and oral plates of this species reveals some resemblance 
to those of the Ophiomastinae. 

The dental plate is a little more than twice as long as broad and somewhat 
bell-shaped in outline, slightly divergent below. The depressions number six and 
are arranged to form an inverted T; three of the depressions are rather distinct, 
compressed and making a vertical series along the median line, while the rest 
are small, comoressed or rounded, and lying horizontally near the ventral margin 
(PI. II, fig. 45). 

The oral plate of this species, which is somewhat chisel-shaped (as also is the 
case in the Ophiomastinae), is rather elongate and more than twice as long as 
high; the distal end is a trifle enlarged and somewhat higher than the proximal 
one. The abradial muscular area is rather small, elliptical and much broader than 
high. The adradial area, which is also small, is gently curved in an arc and lies 
horizontally just beneath the adradial articular area (PI. VI, figs. 49-50). 

Dental and Oral Plates of Ophiodermatidae 

The dental plate of the Ophiodermatidae is uniformly divided into several 
fragments by transverse fissures like those seen in the Ophiomyxinae and Euryalids; 
it carries a vertical series of more or less distinct depressions along the median 
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line. The oral plate is broadly divergent and varies from wing-shaped to elongate 
axe-shaped, the muscular areas on both sides also being variable in their features. 
The family contains two subfamilies, but the dental and oral plates are similar in 
both groups. 

Ophiarachninae. 

The dental plate in Ophiarachna incrassata and O. ohshimai is elongate and 
about three times as long as broad, with the upper end rounded and the lower 
one two- or three-sided. It is divided into four parts, of which the lowest is the 
largest. Each part has a large, compressed depression in the centre. Further, 
the uppermost part carries an additional small, rounded depression above the 
normal one; and the lowermost part is also furnished with two or three such 
depressions along the lower margin beside its central depression (PI. II, figs. 
48-49). In Ophioclastus hataii the dental plate is rather short and about twice 
as long as broad, the upper end rounded, the lower margin three-sided. It is 
broken into three subequal parts, the upper two of which bear indistinct, trans¬ 
versely elongate depressions on the centre, one on each; while on the lowermost 
are two small, rounded depressions which are arranged horizontally (PI. II, fig. 
50). As compared with those of the other members of this subfamily, the dental 
plate of Ophiurodon cinctum , which is about twice as long as broad and some¬ 
what diverging downwards, is very specialized. It consists of three unequal parts, 
of which the lower two are flat and have no depressions on the surface, while 
the uppermost one is very thick, stout, somewhat of horseshoe-form in outline, 
and possessed of two remarkable, elliptical depressions along the vertical median 
line; the lower of these is somewhat larger than the upper one (PI. II, fig. 46). 
The dental plate of O. cupidum is of the same type as that of O. cinctum , but 
it is more elongate than the latter, more than two and a half times as long as 
broad, and divided into four parts, the depressions of the uppermost one being 
three in number. The remaining characters are similar to those of O. cinctum 
(PI. II, fig. 47). 

The oral plates of Ophiarachna incrassata and O. ohshimai , which are rather 
similar to those of Ophiochiton and Ophioplax , are thick, stout, somewhat longer 
than high, and divergent proximad, so as to form an axe-shape; the articular 
ridges and grooves are distinct on both sides. The abradial muscular areas are 
of moderate size and roughly triangular in shape, but do not form a conspicuous 
distal wing; in O. incrassata the area bears a small notch midway along the 
proximal margin, while in O. ohshimai such notch cannot be found anywhere. 
The adradial muscular areas are rather large, and somewhat J-shaped (PI. VI, 
figs. 55-58). The oral plate of Ophioclastus hataii is more elongate than in the 
foregoing species, the articular ridges and grooves of the abradial side being in¬ 
conspicuous. The abradial muscular area is very small, oval in shape and broader 
than high. The adradial one is small and lies beneath the adradial articular area, 
the proximal portion protruding upwards in a narrow projection (PI. VI, figs. 
59-60). Unlike those mentioned above, the oral plate of Ophiurodon cinctum 
is rather wing-shaped and somewhat longer than high. The abradial muscular 
area is large, somewhat ear-shaped and concave near the middle of proximal 
margin, forming a slight distal wing. The adradial area is somewhat J-shaped, 
and large, reaching from the ventral margin of the plate to the dorsal one (PI. VI, 
figs. 51-52). The corresponding plate of O. cupidum agrees with that of the 
foregoing species, but it is somewhat higher than long. The adradial muscular 
area is also large and gradually tapering downwards, but is enlarged and turn¬ 
ing distally at the lower end. The abradial area is similar to that of O. cinctum 
(PI. VI, figs. 53-54). 
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Ophiodermatinae 

The dental plate of Ophiarachnella septemspinosa is very elongate, more than 
three times as long as broad and divided into six subequal parts, each of which 
is provided with a distinct, broad depression on the centre, though the upper¬ 
most one bears an additional small, rounded depression above the normal one, 
as seen in Ophiarachna (PL II, fig. 55). That of O. gorgonia is less than three 
times as long as broad, slightly divergent below and broken into four parts, which 
gradually increase in size in sequence downwards. The upper three pieces have 
distinct depressions at the centre, one on each, like in O. septemspinosa. The 
lowermost part carries three depressions of which the upper one recalls the fore¬ 
going species, while the lower two are small, rounded and arranged horizontally 
near the lower margin (PL II, fig. 54). The dental plate of O. infernalis bears 
a close resemblance to that of O. gorgonia , but it consists of three pieces and 
the depressions are not so distinct (PL II, fig. 53). The dental plate of Pectinura 
aequalis is similar to that of O. gorgonia and broken into four parts, but the de¬ 
pressions of the lowermost part number two and lie horizontally (PL II, fig. 51). 
The dental plate of Ophiozonella spinosa is even shorter than in the foregoing, 
less than twice as long as broad and gently tapered above. It consists of three 
parts, of which the uppermost is the smallest and the lowermost the largest. On 
each part there is a single depression; the uppermost is smallest and rounded, 
while the lowermost is most distinct and much compressed; the middle one is 
intermediate in character (PL II, fig. 52). 

The oral plate of Ophiarachnella septemspinosa , like that of Ophiarachna 
ohshimai , is axe-shaped and somewhat longer than high. The articular ridges 
and grooves are well developed on both sides. The abradial muscular area is of 
moderate size and somewhat triangular in shape, with a small notch midway 
along the proximal margin. The adradial area is of moderate size, set low down 
on the plate, and strongly curved distally below like a letter J (PL VII, figs. 
9-10). In O. gorgonia the oral plate is more elongate than in the preceding 
species. The abradial muscular area is of moderate size, oval and broader than 
high. The adradial one is similar to that of O. septemspinosa (PL VII, figs. 7-8). 
The oral plate of O. infernalis is still more elongate than in the foregoing species, 
and its distal half is distinctly reduced. The abradial muscular area is rather 
small, and transversely elliptical, while the adradial one is of moderate size, 
ebliquely elongate, gently curved and set low down on the plate (PL VII, figs. 
5-6). The oral plate of Pectinura aequalis resembles that of Ophiolimna diastata 
(of the Ophiacanthidae) in many features. The abradial muscular area is of 
moderate size, triangular in shape and slightly concave along the proximal margin. 
The adradial one is arc-shaped and lying horizontally just beneath the adradial 
articular area (PL VII, figs. 1-2). The corresponding plate of Ophiozonella 
spinosa , which is closely allied to that of O. gorgonia , is also elongate and about 
twice as long as high. The abradial muscular area is rather small and somewhat 
oval in shape. The adradial area is small and lies beneath the adradial articular 
area; but the proximal portion protrudes upwards in a narrow projection (PL VII, 
figs. 3-4). 

IV. Discussion 

In his Systema Naturae, Linne (1758) referred both the Ophiurans and the 
Asteroids to a single genus, Asterias. Since then, Lamarck, Muller and Troschel, 
Ljungman, Liitken, Lyman, Perrier, Verrill and Hamann have all proposed 
various classifications of the Ophiuroidea. But no general agreement on classifica¬ 
tion has yet been reached. A much-used classification is that of Matsumoto, based 
mainly on internal structure. It divides the Ophiuroidea into the following four 
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orders; Phrynophiurida, Laemophiurida, Gnathophiurida, and Chilophiurida. 
But Mortensen (1928) expressed his disagreement with this classification, criticis¬ 
ing especially the Phrynophiurida, which contains both the Ophiomyxidae and 
Euryalids. He thinks that the Ophiomyxidae may well be regarded as the most 
primitive of Zygophiurids, but that they are not really related to the Euryalids, 
having quite a different type of vertebrae. He prefers the old classification as 
more natural, dividing the Ophiuroidea into two orders: Ophiurae (= Zygo- 
phiurae) with zygospondylous vertebrae, and Euryalae (= Cladophiurae) with 
streptospondylous vertebrae. 

Yet, the results of my own research show that the vertebrae of Ophiobyrsa 
strictima and Ophiobrachion hamispinum (Ophiomyxidae), and of Ophiomoeris 
pentagona (Hemieuryalidae) are in reality streptospondylous. Therefore, it would 
appear difficult indeed to divide the Ophiuroidea into two groups by means of 
the arm vertebrae. 

The dental plates of the Asteronychidae, the Trichasteridae, the Asterosche- 
matidae and the Gorgonocephalidae are all sub-divided into several portions by 
transverse fissures, and bear a vertical series of more or less compressed depres¬ 
sions along the median line or a number of small, rounded projections on the 
adoral surface. The oral plates of these families are axe-shaped or quadrilateral, 
with rather small abradial and more or less developed adradial muscular areas. 
The corresponding plates of the Ophiomyxinae are very similar to those of the 
foregoing; the dental plates are divided, with a vertical series of compressed 
depressions along the median line, and the oral plates are axe-shaped, with 
moderate abradial and adradial muscular areas. On the other hand, the dental 
and oral plates of the Ophiobyrsinae are very specialized, the former being entire 
and the latter more or less oblong in lateral view. However, their dental plates 
have some resemblance to those of the Astronychidae and the Gorgonocephalidae 
in bearing a number of small, rounded projections on the adoral surface, and 
their oral plates can be derived from those of the Ophiomyxinae. Therefore, it is 
not improbable that these ophiurans belong to one and the same group, having 
rather similar dental and oral plates. This group corresponds to Matsumoto’s 
Phrynophiurida. 

The dental plates of the Ophiacanthidae are generally entire and very elongate, 
with a vertical series of small depressions along the median line; the oral plates 
are broadly divergent, more or less axe-shaped, with rather less developed abradial 
and adradial muscular areas. The plates of the Hemieuryalidae are much more 
specialized; but they are quite similar to those of some Ophiacanthidae, such as 
Ophiacantha pentagona and O. rhachophora, in the fact that the dental plate 
is bar-shaped and the oral plate is typically axe-shaped. The Amphiuridae and 
the Ophiothricidae form a different group from the preceding families; the 
dental plates are entire and bear a vertical series of foramina on the upper por¬ 
tion, and the oral plates are wing-shaped, with the abradial and adradial muscular 
areas well developed. The plates of the Amphilepididae are a trifle different 
from those of the foregoing, especially the oral plate, with less developed abradial 
and adradial muscular areas. However, this difference may not be fundamental. 
The dental plates of this family also have foramina on the upper portion. Accord¬ 
ingly, it seems reasonable to refer the Amphilepididae to the same group as the 
Amphiuridae and Ophiothricidae. Thus, on the basis of the dental and oral 
plates, two major groups can be distinguished, the former (Ophiacanthidae plus 
Hemieuryalidae) corresponding to Matsumoto’s Laemophiurida, and the latter 
(Amphiuridae, Ophiothricidae and Amphilepididae) to his Gnathophiurida. 
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Of the remaining Ophiuroidea, the Ophionereididae and Ophiocomidae are 
intimately allied to each other in the structure of the dental and oral plates; the 
dental plates are entire and bear some foramina on the upper portion (as in the 
Gnathophiurida), and the oral plates are wing-shaped, with well-developed 
abradial and adradial muscular areas. The Ophiochitonidae, Ophiuridae and 
Ophioleucidae form another group in which the dental plates are usually entire, 
with a vertical series of depressions along the median line, and the oral plates are 
axe-shaped or chisel-shaped, with more or less developed abradial and adradial 
muscular areas. But in some cases the dental plates are divided or bear the fora¬ 
mina on the upper portion, and the oral plates are wing-shaped with developed 
muscular areas. There remain only the Ophiodermatidae, in which the dental 
plates uniformly consist of several pieces (as in the Phrynophiurida), and the 
oral plates are mostly axe-shaped. These three groups have been referred to the 
same order, namely Chilophiurida, by Matsumoto, mainly because the radial 
shield and genital plate on the same side of a radius articulate with each other 
by means of two articular condyles and one pit on both the plates. Although I 
also recognise that they are closely related to one another, it seems to me prefer¬ 
able to establish three distinct suborders, on the basis of the dental and oral plates. 
In the following systematic summary I give the characters of each group. 

Order 1. PHRYNOPHIURIDA 

The dental plates are usually divided into several parts by transverse fissures, 
but are sometimes entire. The oral plates are generally axe-shaped, though they 
may sometimes be a quadrilateral, or oblong, in lateral view; the abradial muscular 
area is rather small, while the adradial one is more or less developed. 

Family 1. OPHIOMYXIDAE 

The dental plates are usually divided into several, rather subequal pieces, some 
of which are further broken into two lateral halves by a vertical fissure; they bear 
a vertical series of compressed depressions along the median line, one on each 
piece except the lowermost. The dental plates, however, are sometimes entire 
and provided with a number of small, rounded projections on the adoral surface. 
The oral plates are axe-shaped or oblong; the abradial and adradial muscular 
areas are entire and more or less developed. 

Included subfamilies: OPHIOMYXINAE 
OPHIOBYRSINAE 

Family 2. ASTERONYCHIDAE 

The dental plates are divided into unequal pieces, each of which is provided 
with a number of small, rounded projections on the adoral surface. The oral 
plates are axe-shaped. The abradial muscular area is rather small, while the 
adradial one is well developed : both of them are entire. 

Family 3. TRICHASTERIDAE 

The dental plates are broken into several subequal pieces and furnished with 
a vertical series of compressed depressions along the median line, one on each 
piece, at least in the middle part. The oral plates are axe-shaped or quadrilateral. 
The abradial muscular area is small, while the adradial one is rather well de¬ 
veloped; both of them are entire. 

Included subfamilies: TRICHASTERINAE 

STHENOCEPHALINAE 

Family 4. ASTEROSCHEMATIDAE 

The dental plates consist of several unequal pieces, and bear a vertical series 
of compressed depressions along the median line, one to four on each piece. The 
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oral plates are axe-shaped; the abradial and adradial muscular areas are of 
moderate size and entire. 

Family 5. GORGONOCEPHALIDAE 

The dental plates are irregularly broken into several pieces and furnished with 
a number of small, rounded projections on the adoral surface. The oral plates are 
axe-shaped or quadrilateral, and mostly very thick and stout; the abradial 
muscular area is small and entire, while the adradial one is more or less developed 
and usually divided into two pieces dorso-ventrally by a middle area. 

Order II. LAEMOPHIURIDA 

The dental plates are much elongate, with a vertical series of small depres¬ 
sions along the median line; they are generally entire, but are rarely divided. 
The oral plates are axe-shaped, but are sometimes oblong or squarish; the abradial 
and adradial muscular areas are rather ill-developed. 

Fmily 6. O PH I AC ANTH ID AE 

The dental plates are entire or rarely divided, and usually more or less club- 
shaped, but are sometimes spatulate or bar-shaped. The oral plates are axe-shaped 
but are sometimes oblong or squarish. The abradial muscular area is rather small. 
The adradial one is also small and lies beneath the adradial articular area. 

Family 7. HEMIEURYALIDAE 

The dental plates are entire and bar-shaped. The oral plates are typically 
axe-shaped; the abradial and adradial muscular areas are ill-developed. 

Included subfamilies: OPHIOCHONDRINAE 
HEMIEURYALINAE 

Order III. GNATHOPHIURIDA 

The dental plates are entire and bear on the upper portion a vertical series 
of foramina each of which is entire or divided into two lateral halves by a vertical 
bar. The oral plates are axe-shaped or wing-shaped; the abradial and adradial 
muscular areas are generally well developed. 

Family 8. AMPHILEPIDIDAE 

The dental plates are tongue-shaped in outline, and bear on the lower portion 
some small depressions which form a continuous vertical series, together with the 
upper foramina, along the median line. The oral plates are axe-shaped; the 
abradial muscular area is entire and of moderate size, forming a slight distal 
wing, while the adradial area is small, obliquely elliptical and set low down on 
the plate. 

Family 9. AMPHIURIDAE 

The dental plates are slipper- or wedge-shaped in outline, and bear some 
depressions on the lower portion, which make continuous vertical series together 
with the upper foramina along the median line. The oral plates are wing-shaped. 
The abradial muscular area is well developed, forming a more or less distinct 
distal wing; it is entire or broken into two or more pieces, and sometimes bears 
a distinct indentation. The adradial one is typically spoon-shaped, but sometimes 
lose the middle or lower narrow part. 

Included Subfamilies: OPHIACTINAE 
AMPHIURINAE 
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Family 10. OPHIOTHRICIDAE 

The dental plates are slipper-shaped and furnished with a marginal series of 
small foramina or depressions on the lower portion. The oral plates are wing¬ 
shaped. The abradial muscular area is well developed so as to form a remark¬ 
able distal wing, and generally bears a distinct indentation. The adradial area is 
fundamentally spoon-shaped, but the narrow lower portion usually disappears. 

Order IV. CHILOPHIURIDA 

The dental plates are entire or divided, and bear a vertical series of depres¬ 
sions along the median line or some foramina on the upper portion. The oral 
plates are axe-shaped, but are sometimes chisel-shaped; the abradial and adradial 
muscular areas are more or less developed. 

Suborder A. TREMATOPHIURINA Murakami, 1947 

The dental plates are entire, with two series of foramina on the upper portion. 
The oral plates are wing-shaped, with well developed abradial and adradial 
muscular areas. 


Family 11. OPHIONEREIDIDAE fam. nov. 

The dental plates bear on the lower portion some depressions, which form a 
continuous vertical series together with the upper foramina along the median line. 
The abradial muscular area of the oral plate is rather large, forming a slight distal 
wing; it is generally entire, but is sometimes divided, or bears a distinct indenta¬ 
tion. The abradial area is of an elongate S-shape. 

Family 12. OPHIOCOMIDAE 

The dental plates bear two or three transverse ridges on the middle part, and 
a number of small, rounded projections on the lower portion; but are sometimes 
only provided with a vertical series of some depressions on the lower portion. 
The abradial muscular area of oral plate is well developed so as to form a con¬ 
spicuous distal wing, and generally broken into more or less numerous strips. The 
adradial one is J- or sigmoid-shaped, but is sometimes spoon-shaped. 

Included Subfamilies: OPHIOCOMINAE 
OPHIOPSILINAE 

Suborder B. HOLOPHIURINA Murakami, 1947 
The dental plates are normally entire, though in rare cases they may be sub¬ 
divided into separate pieces; they bear a vertical series of depressions along the 
median line, but are sometimes furnished with foramina on the upper portion. 
The oral plates are axe-shaped or chisel-shaped; the abradial muscular area is of 
moderate or small size and entire, while the adradial area is more or less developed. 

Family 13. OPHIOCHITONIDAE emend. 

The dental plates, which are entire or divided, are spatulate in outline, with 
a vertical series of moderate depressions along the median line. The oral plates 
are axe-shaped; the abradial muscular area is of moderate size, while the adradial 
area is small, obliquely elliptical and set low down on the plate. 

Family 14. OPHIURIDAE (= Ophiolepididae) 

The dental plates, which are uniformly entire, are spatulate or spindle- or 
bell-shaped; they are generally provided with a vertical series of more or less 
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distinct depressions along the median line, but sometimes bear some foramina on 
the upper portion. The oral plates are axe- or chisel-shaped. The abradial 
muscular area is of moderate size, or small and entire. The adradial area, which 
is also entire, is sometimes large and elongate, or elongate sigmoid, but is some¬ 
times small, elliptical or arc-shaped, and set low down on the plate. 

Included Subfamilies: OPHIOLEPIDINAE 
OPHIURINAE 

Family 15. OPHIOLEUCIDAE 

The dental plates are somewhat bell-shaped, with a vertical series of rather 
distinct depressions along the median line. The oral plates are somewhat chisel¬ 
shaped; the abradial and adradial muscular areas are of small size and entire. 

Suborder C. AGMATOPHIURINA Murakami, 1947 

The dental plates are divided into several subequal pieces by transverse 
fissures. The oral plates are axe- or wing-shaped. 

Family 16. OPHIODERMATIDAE 

The dental plates are provided with a vertical series of depressions along the 
median line, generally one on each piece. The abradial and adradial muscular 
areas of oral plate are more or less developed; both of them are entire. 

Included Subfamilies: OPHIARACHNINAE 
OPHIODERMATINAE 

V. Interrelationships 

Though little work has so far been done on the interrelationships of the 
Ophiuroidea, Matsumoto (1915, 1917), set a far-reaching interpretation of their 
phylogeny based on the internal structures of recent forms. I now give here a 
discussion of his theory from the standpoint of the evidence provided by the 
dental and oral plates. 

According to Matsumoto, the Ophiomyxinae and certain genera of Ophia- 
canthidae with horizontally flexible arms are archetypal because they resemble 
the palaeozoic Myophiuroida in many respects. Further, he considered that the 
Ophiomyxinae are more archetypal than the Ophiacanthidae because in the arm 
plates and arm vertebrae, from the Laemophiurida onwards, there are two distinct 
lines of specialization. One line forming the Gnathophiurida is characterized 
essentially by having the radial shield and genital plate articulating with each 
other by means of one large, conspicuous socket on the former and one large, 
ball-like condyle on the latter. The other line, forming the Ghilophiurida, is 
characterized essentially by having the radial shield and genital plate articulating 
with each other by means of two condyles and one pit on either plate. 

Of the numerous forms of dental and oral plates in ophiurans, which are we 
to consider archetypal? With respect to the oral plates, those which are quadri¬ 
lateral or elongated or chisel-shaped or wing-shaped may be regarded as 
specialized. The rest are axe-shaped, and such forms are widely observed 
throughout all orders of the Ophiuroidea, and must be considered more arche¬ 
typal than any others. Further, I consider that among such axe-shaped oral 
plates, those which are a little longer than higher and bear the moderate abradial 
and rather small adradial muscular areas are the most archetypal. Those of 
Ophiomyxinae, Ophiacanthidae pars, Amphilepididae, Ophiochitonidae and 
Ophiodermatidae pars belong to this category. Indeed the oral plates of 
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Ophiomyxa australis, Ophiolimna diastata, Ophiophthalmus normani , Amphilepis 
diastata, Ophiochiton fastigatus, Ophiarachna ohshimai and Pectinura aequalis 
are all closely comparable and uniform. The dental plates are divergent in their 
characters, but can be roughly divided into two groups, one being divided, and 
the other entire. Which of these types is more archetypal? I consider that the 
divided dental plates are more archetypal than entire plates, the latter being pro¬ 
duced by the union of the pieces which comprise the former. Further, the divided 
dental plates may be grouped into two assemblages, one having some of the 
pieces divided into two lateral halves by a vertical fissure, the other having no 
such character. According to my interpretation, the dental plate was at first 
composed of two series of small fragments, then such pieces united with one an¬ 
other transversely, and finally they also united with one another vertically, so as 
to form single, entire, dental plate. On this interpretation, the dental plates of 
the Ophiomyxinae can be regarded as the most archetypal, by the tact that 
some of the pieces are divided into two lateral halves. If these considerations are 
correct, then the Ophiomyxinae are to be regarded as most archetypal among the 
recent Ophiurans in both the dental and oral plates. Therefore, the Ophio¬ 
myxinae comprise a basic main stock, at least in respect of the plates in question. 
From them the Euryalids diverge on one side, and the rest of the groups on the 
other side. Among the latter, except for the Phrynophiurida, the Ophiodermatidae 
are deemed to be most archetypal, because the dental plates consist of several 
pieces with one depression on each. From this line of specialization, the Laemo- 
phiurida, Gnathophiurida and the rest of Chilophiurida are considered to be 
derived independently. 

Phrynophiurida 

Among the Phrynophiurida, the Ophiomyxinae may well be regarded as most 
archetypal in the dental and oral plates, as already mentioned. Matsumoto (1917) 
regarded the Ophiobyrsinae are a step more advanced than the Ophiomyxinae, 
toward the Trichasteridae (containing the Asteronychidae and Asteroschenatidae) 
and Gorgonocephalidae. The oral plates of the Ophiobyrsinae, which are more 
or less oblong in the lateral view, are undoubtedly to be derived from those 
of the Ophiomyxinae; and the dental plates of the former, which are entire, would 
be also derived from those of the latter. Therefore, I too consider that the Ophio¬ 
byrsinae are directly derived from the Ophiomyxinae on the evidence of the 
dental and oral plates. On the other hand, the oral plates of some Euryalids are 
evidently more closely allied to those of the Ophiomyxinae than to those of the 
Ophiobyrsinae, being axe-shaped. The dental plates of the Ophiobyrsinae can¬ 
not be more archetypal than those of the Euryalids, because the former are entire, 
while the latter are divided. Accordingly the Euryalids are not directly related 
to the Ophiobyrsinae, but appear to be derived from the Ophiomyxinae. 

Matsumoto (1917) stated that among the Trichasteridae, the Asteronychinae 
( = Asteronychidae) appear to be most archetypal, because the disk is large, the 
arms are comparatively slender, the muscular fossae of the vertebrae are relatively 
little reduced and arm spines are numerous instead of being reduced in number, 
thus more or less reminding us of the Ophiobyrsinae. Further, Matsumoto says 
that the Trichasterinae (= Trichasteridae) are nearer to the Asteronychinae 
(= Asteronychidae) than the Asteroschematinae (= Asteroschematidae), be¬ 
cause the ventral arm-plates of both the Asteronychinae and Trichasterinae are 
relatively well-developed, and in contact with one another, entirely separating the 
lateral arm plates; whereas those of the Asteroschematinae are very much re¬ 
duced in size and separated from one another by the lateral arm plates, which 
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meet in the ventral median line. Thus, the Asteroschematinae are evidently 
descended from the simple-armed group of the Trichasterinae. The Asterony- 
chidae, Trichasteridae pars and Asteroschematidae are closely related to one an¬ 
other in having an axe-shaped oral plate, with somewhat small abradial and 
rather well-developed adradial muscular areas. The dental plates of the Trich¬ 
asteridae are most archetypal among these families, because they resemble those 
of the Ophiodermatidae in bearing the depressions one on each side. Those of 
the Asteronychidae and Asteroschematidae are more or less advanced in the 
specialization, because the former bear a number of small, rounded projections 
on the adoral surface and the latter are irregularly divided into several pieces, 
each of which bears from one to four depressions. Further, according to Matsu- 
moto, the ventral furrow of arm vertebrae of the Trichasteridae are closed (at 
least in the distal part of arm), while in the Asteroschematidae and Asterony- 
chidae they are open. Considering from these facts, the Asteronychidae, Trich¬ 
asteridae and Asteroschematidae appear to arise from a common stock inde¬ 
pendently. 

Among the Trichasteridae, I was unable to investigate any member of the 
Sthenocephalinae. Therefore the relationship of the said subfamily to the 
Trichasterinae could not be clarified in the light of the dental and oral plates. 
But according to Matsumoto (1917), the gonads of Sthenocephalinae are con¬ 
fined to the disk, while those of Trichasterinae are in the dorsal side of the arms, 
sometimes proceeding very far out in the arms. Further, arms of the Steno- 
cephalinae are divided, while those of the Trichasterinae are simple or divided. 
Accordingly these two subfamilies have probably differentiated independently. 

Matsumoto considered that it is hard to decide whether the Gorgoncephalidae 
are descended from the Ophiobyrsinae or from the Asteronychinae (= Asterony¬ 
chidae) ; though it is very evident that the Gorgoncephalidae have no direct 
relation* to the Trichasterinae (== Trichasteridae) and Asteroschematinae (= 
Asteroschematidae). Concerning the minute hooks of the arm annuli and the 
arm spines, he explained that the arm annuli are produced by the persistence of 
an embryonic feature of the arm spines. Thus, the arm annuli of the Gorgon- 
sephalidae reminds us of the arm-spines of such genera as Ophiobrachion and 
Aster onyx, the former being referable to the Ophiobyrsinae and the latter to the 
Asteronychinae (= Asteronychidae). Therefore, he looks upon the Trichasteridae 
(i.e., Asteronychidae) and Gorgoncephalidae as having an initial genetic relation¬ 
ship! The dental plates of the Gorgoncephalidae are also similar to those of the 
Asteronychidae and Ophiobyrsinae in bearing a number of small, rounded pro¬ 
jections on the adoral surface. Further, those of the Gorgoncephalidae are nearer 
to those of the Asteronychidae than to those of the Ophiobyrsinae in being divided 
into several pieces. The oral plates of the Gorgoncephalidae are very varied, but 
some at least are axe-shaped and bear a rather weakly developed abradial muscular 
area, reminding us of Asteronyx loveni, though the adradial muscular area is 
divided into two parts dorso-ventrally by the middle area. The oral plates of the 
Ophiobyrsinae are quite different from those of the Gorgoncephalidae, being more 
or less oblong. Therefore, I am convinced that the Gorgoncephalidae are not 
descended from the Ophiobyrsinae, but are directly related to the Asterony- 
chidae. 

Laemophiurida 

Matsumoto assumes that the genera or species of Ophiacanthidae, with only 
horizontally flexible arms, are more archetypal than those with more or less 
vertically coiled arms, and considers Ophiologimus and Ophiolimna to be repre¬ 
sentatives of the former. Judging from my research, Ophiolimna diastata and 


No. 1 


Murakami— Dental and Oral Plates of Ophiuroidea 


45 


Ophiophthalmus normani may well be regarded as most archetypal among the 
Ophiacanthidae, on account of the fact that their dental and oral plates are 
similar to those of some Ophiodermatids. Ophiologimus hexactis and Ophio »- 
phrura liodisca, which have the club-shaped dental and oblong oral plates, repre¬ 
sent the terminal phase of specialization on one side. Ophiacantha acanthinotata 
and O. bisquamata show an opposite line of specialization, bearing very elongate 
club-shaped dental and squarish oral plates. Ophiacantha rhachophora and 
O. pentagona must be other examples of specialization, because their oral plates 
are axe-shaped, and their dental plates are bar-shaped in outline. 

Among the Hemieuryalidae, the Ophiochondrinae are obviously related to 
some Ophiacanthids, such as O. rhachophora and O. pentagona in having the 
typically axe-shaped oral and bar-shaped dental plates and are undoubtedly 
descended from the latter. Matsumoto also stated that the Hemieuryalidae are 
evidently a terminal group of the line of specialization represented at the base 
of Ophiolebes, Ophiosemnotes, Ophiochondrella 3 etc. I was unable to investigate 
any member of the Hemieuryalinae personally, but Matsumoto considered that 
the Ophiochondrinae are very close to the O phiolebes-group and more archetypal 
than the Hemieuryalinae. 


Gnathophiurida. 

Matsumoto regarded Amphilepididae as most archetypal, being closely related 
to the Ophiacanthidae, with only horizontally flexible arms. Moreover Amphi - 
lepis diastata is certainly related to Ophiolimna diastata, Ophiophthalmus 
normani , and some Ophiodermatids in having the axe-shaped oral plate with 
only moderately developed abradial and less developed adradial muscular areas. 
The dental plate of the same species, which is a step more advanced in the 
specialization than those of the latter, in being entire and in having some fora¬ 
mina on the upper portion, shows no marked speciality in its characters. There¬ 
fore, I also support Matsumoto’s opinion that the Amphilepididae are the most 
archetypal among the Gnathophiurida. Further, Matsumoto believes that among 
the rest of the Gnathophiurida, the Ophiactinae are nearest to the Amphi¬ 
lepididae, because they have neither paired infradental papillae nor dental 
papillae, and from them the Amphiurinae and Ophiothricidae are descended 
independently. However, it should be pointed out that the oral plates of the 
Ophiactinae and Amphiurinae are dissimilar. Also the dental plates are essentially 
different, those of the Amphiurinae being wedge-shaped, while those of the 
Ophiactinae slipper-shaped. This fact implies that these two subfamilies are 
descended from the Amphilepididae independently. The Ophiothricidae are the 
most specialized of the Gnathophiurida, because the dental plate bears a marginal 
series of small depressions or foramina on the lower portion, and the adradial 
muscular area of oral plate mostly lacks the lower narrow portion. But they are 
deemed to be more closely related to the Ophiactinae than to the Amphiurinae, 
because the dental plate is slipper-shaped, instead of being wedge-shaped. 

Chilophiurida. 

Matsumoto admits that, as this order is very extensive and varied, it is hard 
to discern their relationships clearly. But he takes the Ophiarachninae and 
Ophiochitoninae (= Ophiochitonidae) as the most archetypal among the Chilo¬ 
phiurida, because some of them are so near to the Ophiacanthidae as to be dis¬ 
tinguished from the latter only with great difficulty. The dental and oral plates 
in this order are also very varied, but those of some Ophiodermatidae, as already 
mentioned, must be most archetypal. The dental and oral plates of the two sub- 
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families of Ophiodermatidae are so very similar that it is very difficult to decide 
which are more archetypal among them, but according to Matsumoto, the 
Ophiarachninae are to be regarded as more archetypal than the Ophiodermatinae 
by the degree of calcification of the vertebrae. 

Holophiurina. 

I consider that the Ophiochitonidae are most archetypal, in having the dental 
and oral plates nearly related to those of the Ophiodermatidae pars. The Ophio- 
lepidinae are undoubtedly a step more advanced in specialization than the 
Ophiochitonidae, because the adradial muscular area of the oral plate is well 
developed and the dental plate is undivided. Among the Ophiolepidinae, 
Ophiozona and Ophiozonella represent one terminal phase of specialization as 
shown by the fact that the dental plate bears some foramina on the upper portion 
and the abradial and adradial muscular areas of the oral plate are well developed. 
On the other hand, Ophiomusium is representative of opposite line of specializa¬ 
tion in having the spindle-shaped dental and much elongated oral plates. 

Matsumoto (1917) indicated that the Ophiurinae (= Ophiomastinae) must 
have been derived from the Ophiolepidinae pars. Further, he says that the 
Ophioleucidae superficially resemble the Ophiodermatidae, but their true allies 
are the Ophiolepidinae. In the Ophiurinae the dental plates are bell-shaped 
and the oral plates are chisel-shaped, while those of the Ophiolepidinae bear no 
such tendency. Accordingly I consider that the Ophiurinae are not descended 
from the Ophiolepidinae but are directly derived from the Ophiochitonidae, at 
least such is the evidence of the dental and oral plates. The Ophioleucidae are 
nearer to the Ophiurinae than to the Ophiolepidinae having bell-shaped dental, 
and rather chisel-shaped oral plates. Matsumoto also recognized the resemblance 
between the Ophioleucidae and Ophiura and its allies. It will be better to con¬ 
sider the Ophioleucidae as directly derived from the Ophiochitonidae in view of 
the structure of the dental and oral plates. 

Trematophiurina. 

Matsumoto concluded that the Ophiochitoninae (= Ophiochitonidae) led to 
the Ophionereidinae (= Ophionereidae), which are a step more specialized than 
the former in having a well developed masticatory apparatus. This opinion is by 
no means unreasonable, taking into account the evidence of the dental and oral 
plates; because the dental plates of the Ophionereididae bear some foramina on 
the upper portion, and their oral plates are wing-shaped, with rather well 
developed abradial and adradial muscular areas. Further, the Ophionereididae 
are evidently more primitive than the Ophiocominae, because the dental plate of 
the former bears neither ridges nor projections on the adoral surface and the 
distal wing of the oral plate is less developed. But Matsumoto did not regard the 
Ophionereididae as the direct ancestor of the Ophiocomidae, haying the inner 
end of the dorsal surface of vertebrae so strongly notched and considered that the 
two families must have arisen from a common stock. Further, he considered that 
the Ophiopsilinae represent a late phase derived from the Ophiocominae, be¬ 
cause the radial shields are rather bar-like, the outer end of the genital plates are 
more or less approximated to each other at the dorsal side of the arm base, and 
the tentacle-scales are very peculiar in shape. But the dental and oral plates of 
the Ophiopsilinae are by no means more specialized than those of the Ophio¬ 
cominae, the former being quite similar to those of the Ophionereididae in many 
features. Therefore, it would now appear that the Ophiocominae and Ophio¬ 
psilinae differentiated independently from the very first. 
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Phylogenetic Tree 

The inferred interrelationships of recent Ophiurans, in the light of the fore¬ 
going discussion may be approximately shown as follows:— 

Ophiopsilinae 


Ophioleucidae 



Hemieuryalinae? 

\ 

Ophiochondrinae 

\ 

Ophiacanthidae 



Ophiothricidae 



Gorgonocephalidae 
Asteroschematidae / 
Sthenocephalinae? 

Trichasterinae 

Ophiobyrsinae 


Asteronychidae 



Ophiomyxinae 


Ophiactinae 


Amphilepididae 
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